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Abt.  I. — Contributions  to  Meteorology:  being  results  derived  from 
an  examination  of  the  observations  of  the  United  States  Signal 
Service^  and  from  other  sources ;  by  Elias  Loomis,  Professor 
of  Natural  Philosophy  in  Yale  College.  Tenth  paper.  With 
Plates  I  and  11. 

[Beftd  before  the  National  Academy  of  Sdencee,  New  York,  Not.  6,  1878.] 

Storms  of  the  Atlantic  Ocean, 

In  a  former  paper,  I  have  noticed  some  storms  which  could 
be  traced  across  the  Atlantic  Ocean  by  means  of  the  Paris 
storm  charts  from  June,  1864,  to  December,  1865,  and  HoflF- 
meyer^s  charts  from  December,  1873,  to  August,  1874.  Hav- 
ing received  a  copy  of  Hoflfmeyer's  charts  complete  to  Novem- 
ber, 1875,  I  have  undertaken  a  more  careful  examination  of 
Atlantic  storms.  I  first  provided  myself  with  a  large  number 
of  blank  maps  of  the  Atlantic  Ocean,  upon  precisely  the  same 
scale  as  Hoflfmeyer's  charts,  so  that  observations  could  be  read- 
ily transferred  from  Hoflfmeyer's  charts  to  my  own.  I  then 
made  a  careful  examination  of  all  the  charts  in  succession. 
For  the  first  three  months  (December,  1873,  to  February,  1874), 
the  isobars  are  not  drawn  beyond  the  meridian  of  30°  west  of 
Paris,  so  that  these  charts  were  not  available  for  this  investi- 
gation. For  the  month  of  March,  1874,  I  selected  the  first 
chart,  which  showed  an  isobar  as  low  as  750  millimeters  (29*5 
inches),  near  the  coast  of  the  United  States,  and  marked  upon 
one  of  my  maps  the  position  of  the  center  of  the  lowest  isobar. 
B  the  same  low  area  could  be  identifi.ed  on  the  chart  of  the  fol- 
lowing day,  I  marked  upon  my  map  the  position  of  the  center 
of  the  lowest  isobar  for  that  date,  and  I  did  the  same  for  each 
following  day  as  long  as  the  low  area  could  be  identified.    The 
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points  thus  determined  were  connected  by  straight  lines,  and 
the  probable  track  of  the  low  area  was  thus  obtained.  The 
same  method  was  pursued  with  each  of  the  charts  to  Novem- 
twr  30,  1875,  I  thus  obtained  seventy-seven  cases  of  low  areas 
near  the  coast  of  the  United  States,  and  was  able  ti>  follow 
tbirty-six  of  them  with  considerable  confidence  entirely  across 
|lie  Atlantic  Ocean;  but  eight  of  these  storms  became  merged 
in  other  storms  before  reaching  the  European  coast,  leaving 
only  twenty-eight  different  low  areas  which  reached  the  coast 
of  Europe.  The  preceding  table  exhibits  the  most  important 
particulars  relating  to  these  seveniy-seven  eascK.  Column  1st 
contains  the  number  for  reference;  column  2d  ahows  the  date 
of  the  chart  upon  which  a  low  area  was  first  found  Tie:ir  the 
toast  of  the  United  States;  column  3d  shows  the  latitude,  and 
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points  thus  determined  were  connected  by  straight  lines,  and 
the  probable  track  of  the  low  area  was  thus  obtained.  The 
same,  method  was  pursued  with  each  of  the  charts  to  Novem- 
ber 30,  1875.  I  thus  obtained  seventy-seven  cases  of  low  areas 
near  the  coast  of  the  United  Slates,  and  was  able  U>  follow 
tbirty-aix  of  them  with  considerable  confidence  entirely  across 
tlie  Atlantic  Ocean;  bat  eight  of  these  storms  became  merged 
in  other  storms  before  reaching  the  European  coast,  leaving 
only  twenty-eight  different  low  areas  which  reached  the  coast 
ol  Europe.  The  preceding  table  exhibits  the  most  important 
patticulara  relating  to  these  seventy-seven  cases.  Column  1st 
wntains  the  number  for  reference;  column  2d  shows  the  date 
of  tbe  chart  upon  whiv,h  a  low  area  was  first  found  near  the 
wast  of  the  United  States :  column  3d  shows  the  latitude,  and 
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poiois  thus  deiermined  were  connectetl  by  straight  lines,  and 
Ibe  probable  track  of  the  low  area  was  thus  obtained.  The 
same  method  was  pursued  with  each  of  the  charts  to  Novem- 
W  30,  1875.  I  thus  obtained  seventy -seven  cases  of  low  areas 
tear  the  coast  of  the  United  States,  and  was  able  to  follow 
Ihirty-six  ol  them  with  considerable  confidence  entirely  across 
the  Atlantic  Oeean;  but  eigjit  of  these  storms  became  merged 
ID  other  storms  before  reaching  the  Eun>pean  coast,  leaving 
onlv  twenty-eight  different  low  areas  whicli  reached  the  coast 
of  Europe,  The  precetling  table  exhibits  the  most  important 
parliculars  relating  to  these  seventy -seven  cases.  Column  1st 
contains  the  number  for  reference;  column  2d  shows  the  date 
of  llie  chart  upon  whith  a  low  area  was  first  found  near  the 
wast  of  the  United  States;  column  3d  shows  the  latitude,  and 
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column  4th  the  longitude  of  the  center  of  the  lowest  isobar  for 
the  date  mentioned  in  column  2d,  and  column  5th  shows  the 
amount  of  the  lowest  isobar.  As  the  isobars  are  drawn  at 
intervals  of  five  millimeters,  it  is  probable  that  at  the  center  of 
the  low  area  the  pressure  was  frequently  as  low  as  745  m.  (29"3 
inches),  and  sometimes  lower.  Column  6th  shows  the  latitude 
in  which  the  central  path  of  the  low  area  crossed  the  meridian 
of  60°  W.  from  Paris,  and  column  7th  shows  the  lowest  isobar 
for  that  position;  column  8th  shows  the  latitude  in  which  the 
central  path  crossed  the  meridian  of  30°  W.  of  Paris,  and  col- 
umn 9tn  shows  the  lowest  isobar  for  that  position;  column 
10th  shows  the  latitude  in  which  the  central  path  crossed  the 
meridian  of  Paris,  and  column  11th  shows  the  lowest  isobar  in 
that  position ;  column  12th  shows  the  number  of  days  reauired 
for  the  low  center  to  travel  from  the  meridian  of  60  to  that  of 
Paris ;  and  column  13th  shows  the  average  velocity  of  the  cen- 
ter in  its  course  between  these  two  meridians.  This  average  is 
obtained  by  supposing  the  center  to  have  followed  the  arc  of  a 
great  circle,  and  takes  no  account  of  the  actual  irregularities  of 
its  course.  Column  14th  shows  the  highest  wind  reported  on 
the  English  coast  at  the  time  the  low  center  was  nearest  These 
winds  are  estimated  upon  a  scale  from  1  to  6,  where  1  denotes 
a  light  breeze ;  2  a  fresh  breeze ;  8  very  fresh ;  4  a  hard  wind; 

5  a  gale,  and  6  denotes  a  hurricane.  The  velocities  given  in 
column  14th  are  the  highest  velocities  reported  anywhere  near 
the  coast  of  England,  but  do  not  includfe  Scotland.  K  Scot- 
land had  been  included,  the  velocities  in  some  cases  would  have 
been  greater.  Column  15th  shows  the  direction  of  the  wind 
corresponding  to  the  velocity  in  column  14th.  Sometimes  at 
several  stations  the  same  velocity  was  reported,  but  with  dif- 
ferent directions.  The  direction  given  in  column  15th  is  the 
one  which  occurs  most  frequently  for  the  given  date  and 
velocity. 

We  see  from  this  table  that  in  one  year  there  are  on  an  ave- 
rage onlv  eighteen  different  storms  which  can  be  traced  by 
means  of  Hoffmeyer's  charts  from  the  coast  of  the  United 
States  across  the  Atlantic.  If  for  each  day  we  had  two  good 
charts,  instead  of  only  one,  it  is  probable  that  a  few  more 
storms  might  be  identified  in  their  progress  across  the  ocean, 
but  it  is  doubtful  whether  the  number  would  be  greatly 
increased.  Nearly  all  of  these  storms  pursued  a  course  north 
of  east,  and  passed  considerably  to  the  north  of  Scotland.  In 
only  four  of  the  cases  did  the  low  center  cross  the  meridian  of 
Paris  in  a  latitude  as  low  as  the  northern  boundary  of  England. 
The  average  track  of  the  thirty-six  low  centers  which  are  traced 
across  the  ocean,  is  shown  by  the  means  at  the  bottom  of  the 
table,  where  it  is  seen  that  the  meridians  of  60°,  30°  and  0°, 
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were  crossed  in  the  latitudes  49''-6,  58°-0  and  68°-3.  Since  the 
storm  centers  generally  passed  800  miles  north  of  London, 
most  of  them  did  not  exhibit  much  violence  on  the  English 
coast  In  half  of  the  cases,  the  highest  velocity  reported  was  8, 
denoting  a  very  fresh  breeze,  and  in  only  six  of  the  cases  was 
the  velocity  at  any  station  on  the  English  coast  as  high  as  6, 
denoting  a  gale. 

We  may  nence  conclude  that  when  a  center  of  low  pressure 
(below  29*6  inches)  leaves  the  coast  of  the  United  States,  the 
probability  that  it  will  pass  over  any  part  of  England  is  only 
one  in  nine ;  the  probability  that  it  will  give  rise  to  a  gale  any- 
where near  the  English  coast  is  only  one  in  six ;  and  the  prob- 
ability that  it  will  give  rise  to  a  very  fresh  breeze  is  one  in  two. 
One  of  the  most  noticeable  circumstances  connected  with 
Atlantic  storms  is  their  slow  rate  of  progress.     This  is  due 
partly  to  the  erratic  course  of  the  center  of  the  low  area,  and 
partly  to  the  frequent  blending  of  two  low  areas  into  one, 
whence  it  generally  results  that  the  most  eastern  center  appears 
to  be  pushed  backward  toward  the  west     In  my  eighth  paper 
I  have  described  a  remarkable  example  of  this  kind  of  move- 
ment    In  like  manner  the  storms  numbered  85,  89,  41,  61,  58, 
70  and  72  of  the  preceding  table  appeared  to  be  pushed  west- 
ward by  blending  with  storms  of  a  subsequent  date.     Aside 
from  this  cause  of  detention,  there  seems  in  the  Atlantic  Ocean 
to  be  a  special  cause  which  frequently  holds  storms  nearly  sta- 
tionary in  position  from  day  to  day,  and  this  cause  is  probably 
the  abundance  of  warm  vapor  rising  from  the  Gulf  Stream, 
in  close  proximity  to  the  cold  dry  air  from  the  neighboring 
coast  of  North  America.     Hence  we  see  that  when  American 
stomis  are  predicted  to  appear  upon  the  European  coast,  and  it 
is  assumed  that  they  will  cross  the  ocean  at  the  same  rate  as 
they  have  crossed  the  United  States,  such  predictions  will  sel- 
dom be  verified. 

It  will  also  be  noticed  that  the  storms  which  cross  the  Atlan- 
tic, generally  increase  in  intensity  after  leaving  the  American 
coast;  the  average  depression  of  the  barometer  shown  in  the 
preceding  table  being  6  millimeters  (0*24  inch)  greater  in  long. 
80"  than  in  long.  60^ 

Origin  of  the  storms  here  traced, — Two  of  the  storms  enumer- 
ated in  the  preceding  table  and  which  have  been  traced  across 
the  Atlantic  (Nos.  51  and  70),  appear  to  have  originated  over 
the  Atlantic  Ocean ;  five  of  them  (Nos.  46,  52,  54,  73  and  75), 
appear  to  have  originated  in  Texas  or  its  vicinity ;  four  of 
tnem  (Nos*  67,  69,  71  and  74),  appeared  to  originate  in  the  mid- 
dle latitudes,  but  considerably  east  of  the  Rocky  Mountains ; 
about  half  of  the  whole  number  appear  to  have  originated  in 
the  neighborhood  of  the  Eocky  Mountains ;  that  is,  it  is  difli- 
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cult  to  trace  them  satisfactorily  further  west;  but  four  of  the 
number  can  be  distinctly  traced  to  the  Pacific  coast,  viz:  two 
of  them  (Nos.  26  and  41)  to  California,  and  two  of  them  (No8. 
89  and  40)  to  Oregon.  The  course  of  No.  89  is  represented  on 
Plate  I.  At  7.35  a.  m.,  January  19th,  the  barometer  at  Port- 
land, Oregon,  stood  at  29*34,  and  at  4.85  P.  M.  at  29*22,  a 
depression  which  has  seldom  been  observed  at  that  place. 
This  low  area  traveled  eastward  across  the  United  States  with 
diminishing  intensity.  On  the  morning  of  the  20th,  the  great- 
est depression  was  at  Bismark,  2948 ;  on  the  morning  of  the 
21st,  at  Keokuk,  29*75;  on  the  22d,  at  Alpena,  29*74;  on  the 
28d,  at  Sydney,  29*54,  and  during  the  next  two  days  the  depres- 
sion still  further  increased.  Another  low  area  had  now  arrived 
at  Nova  Scotia,  and  on  the  26th  had  approached  so  near  the 
former  that  the  two  seemed  inclined  to  coalesce.  On  the  two 
following  days  this  tendency  became  more  decided,  and  on  the 
29th  both  were  united  in  one  great  depression,  the  pressure 
near  the  center  being  28*94.  This  low  area  advanced  toward 
the  northeast  without  any  perceptible  diminution  of  intensity; 
but  when  it  had  nearly  reached  the  North  Cape,  its  course  was 
turned  to  the  southeast  The  center  of  this  low  area  has  thus 
been  traced  through  about  150°  of  longitude,  and  considering 
that  the  depression  was  unusually  great  when  first  observed  in 
Oregon,  it  seems  safe  to  conclude  tnat  this  low  area  preserved 
its  identity  through  more  than  180°  of  longitude.  It  will  be 
seen,  however,  that  this  storm  of  January  19th  to  February  3d, 
1875,  was  an  unusual  case.  The  changes  of  the  barometric 
depressions  are  so  frequent  that  a  low  area  can  seldom  be  iden- 
tified in  its  progress  from  the  Pacific  Ocean  to  Eastern  Europe. 
West  India  Oyclones. — During  the  period  embraced  by  Hoff- 
meyer*s  maps,  there  occurred  several  cyclones  which  originated 
in  or  near  the  Gulf  of  Mexico.  The  following  cases  are  noted 
on  the  maps  of  the  United  States  Signal  Service : 

1.  1874,  Sept.  5-  7.        4.  1875,  Sept.  14-19. 

2.  "   Sept.  9-11.         6.   "   Oct.  13-16. 

3.  "   Sept.  27-30.        6.   "   Nov.  8-11. 

No.  1  apparently  moved  northward  and  was  merged  in  a  larger 
depression  previously  existing  near  South  Greenland.  No.  2 
cannot  be  certainly  identified  on  the  map  of  September  12th. 
No.  8  apparently  moved  northward  over  Labrador.  No.  4  (the 
great  Indianola  nurricane)  appeared  to  merge  in  a  greater  depres- 
sion previously  existing  near  Newfoundland,  without  producing 
any  sensible  modification  in  it  No.  5  can  be  traced  across  the 
Atlantic,  but  during  its  progress  it  blended  with  one  or  two 
other  depressions.  No.  6  can  be  traced  across  the  Atlantic, 
and  throughout  the  entire  passage  preserved  its  identity  pretty 
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ictly.  Thus  we  see  that  of  the  six  cyclones  here  men- 
d,  only  two  can  be  traced  across  the  Atlantic,  and  only 
)f  them  escaped  blending  with  another  depression.  These 
(although  few  in  number)  suggest  the  conclusion  that  the 
t  India  cyclones,  however  violent  they  may  be  within  the 
cs,  when  they  reach  the  middle  latitudes,  expand  in  area 
lose  much  of  their  violence,  and  after  a  few  dayd  are 
lly  merged  in  some  of  the  larger  depressions  which  gen- 
j  prevail  in  some  part  of  the  North  Atlantic  Ocean. 

'ruaiions  of  the  barometer  on  3ft.  Washington  and  Pikers  PecJc» 

le  Annual  Report  of  the  United  States  Chief  Signal  Officer 
873  contains  a  series  of  hourly  observations  of  the  barom- 
3n  the  summit  of  Mt  Washington  (elevation  6,285  feet), 
also  at  the  base  of  the  mountain  (elevation  2.898  feet) 
ig  May  and  June,  1878.  I  have  projected  all  these  obser- 
•ns  in  curve  lines  and  find  a  general  correspondence  between 
luctuations  of  the  barometer  at  the  two  stations,  with  some 
led  differences,  among  which  the  most  noticeable  is  that 
naxima  and  minima  of  pressure  generally  occur  earlier  at 
)ase  of  the  mountain  than  they  do  at  the  summit  The 
wing  table  shows  the  principal  maxima  and  minima  for 
months  of  May  and  June,  the  barometric  readings  being 
scted  for  temperature  and  instrumental  error  only. 

Barometer  at  base  and  summit  of  Mt  Washington, 


Dftte. 

Base. 

Sommlt. 

Dlff. 

Min. 

May  3 

12  m. 

26-820 

2  P.M. 

23-390 

+  2h. 

Max. 

8 

T  A.M. 

27-547 

11  A.M. 

24-114 

+  4 

Min. 

13 

2  P.M. 

26-654 

6  P.M. 

23147 

+  4 

Max. 

21 

8  a.m. 

27-480 

9  a.m. 

24055 

+  1 

MiD. 

24 

1  P.M 

26-822 

5  P.M. 

23-422 

+  4 

Max. 

26 

8  am. 

27-346 

9  a.m. 

24-029 

+  1 

Min. 

28 

4  P.M. 

26-988 

9  p.m. 

23-631 

+  5 

Max. 

29 

10  A.M. 

27-187 

5  P.M. 

23-839 

+  7 

Min. 

30 

12  P.M. 

27-114 

5  A.M. 

23-607 

+  5 

Max. 

31 

9  a.m. 

27-500 

4  p.m. 

24-021 

+  7 

Min. 

June  5 

2  a.m. 

26756 

5  a.m. 

23-406 

+  3 

Max. 

IS 

6  P.M. 

27-388 

6  P.M. 

24-040 

.n 

5  A.M. 

27-393 

1 1  A.M. 

24-012 

Min. 

11 

6  a.m. 

27-007 

9  a.m. 

23-670 

+  3 

Max. 

13 

4  a.m. 

27-430 

10  A.M. 

24-043 

+  6 

Min. 

17 

2  A.M. 

26-952 

4  a.m. 

23-540 

4-2 

Max. 

18 

8  a.m. 

27-138 

12  M. 

23-748 

+  4 

Min. 

20  2  A.M. 

26-788 

4  a.m. 

23-468 

+  2 

Max. 

25  10  A.M. 

27-582 

12  M. 

24-270 

+  2 

Min. 

28  4  a.m. 

26-983 

5  P.M. 

23-708 

+  13 

Jveral  of  these  maxima  and  minima  are  represented  on  Plate 
The  upper  curve  represents  the  barometric  fluctuations  on 
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the  sammit  of  the  mountain  from  May  12,  2  p.  M.,  to  Mav  16, 
2  P.  Iff.,  the  interval,  between  the  horizontal  lines  representing  a 
diflference  of  one-fiftieth  inch  pressure,  and  the  interval  between 
the  vertical  lines  representing  two  hours  of  time.  The  second 
curve  represents  the  barometric  fluctuations  at  the  base  of  the 
mountain  for  the  same  datea  The  third  and  fourth  curves 
represent  the  fluctuations  from  May  22,  8  P.  M.,  to  May  26,  8 
p.  M. ;  and  the  fifth  and  sixth  curves  represent  the  fluctuations 
from  May  28,  10  a.  m.,  to  June  1,  10  A.  M.  The  minimum  of 
May  13th  is  pretty  sharply  defined,  and  occurred  on  the  sum- 
mit four  hours  later  than  at  the  base.  On  the  morning  of  May 
15th  occurred  another  minimum,  which  at  the  summit  was 
sharply  defined,  but  at  the  base  was  inconsiderabla  The  min- 
imum of  May  24th  was  pretty  sharply  defined  at  both  stations, 
and  the  same  is  true  of  the  maximum  May  26th.  From  Mav 
28th  to  June  1st  occurred  two  minima  and  two  maxima  whicK 
are  not  very  sharply  defined,  but  the  critical  points  at  the 
summit  evidently  lag  behind  the  corresponding  points  at  the 
base.  The  maximum  of  June  8th  continued  for  twenty-four 
hours  with  but  little  change,  and  the  highest  reading  occurred 
at  the  summit  of  the  mountain  earlier  than  at  the  base,  which 
may  be  regarded  as  an  exception  to  the  general  rula  If,  how- 
ever, we  compare  the  corresponding  undulations  of  the  two 
curves,  I  think  it  will  appear  that  the  first  maximum  occurred 
at  both  stations  at  about  the  same  instant,  and  the  second 
maximum  occurred  six  hours  earliest  at  the  base.  The  decided 
fall  of  the  barometer  began  six  hours  earlier  at  the  base  than 
at  the  summit.  The  minimum  of  June  28th  continued  for 
eighteen  hours  without  much  change,  but  the  absolute  min- 
imum occurred  thirteen  hours  earlier  at  the  base  than  at  the 
summit 

These  observations  appear  to  me  to  prove  that  the  maxima 
and  minima  of  the  barometer  do  not  generally  occur  simulta- 
neously at  the  top  and  bottom  of  Mt  Washington,  but  on  an 
average  occur  more  than  three  hours  later  at  the  summit  than 
at  the  base,  showing  an  average  retardation  of  one  hour  for  each 
900  feet  of  elevation. 

In  order  to  test  this  result  by  independent  observations,  I 
compared  the  observations  made  on  the  summit  of  Mt  Wash- 
ington with  those  made  at  Burlington,  Vt,  and  Portland,  Me., 
from  September,  1872,  to  January,  1875.  Burlington  and  Port- 
land are  distant  from  each  other  about  150  miles,  and  Mt 
Washington  is  about  midway  between  them,  and  we  might 
expect  that  the  barometric  minima  at  Mt  Washington  would 
occur  at  dates  intermediate  between  those  at  Burlington  and 
Portland.  I  therefore  selected  all  those  cases  in  which  the 
barometer  at  Portland  fell  as  low  as  29*6  inches,  and  deter- 
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mined  the  times  of  barometric  minima  at  these  three  stations. 
The  result  is  shown  in  the  following  table,  where  the  numeral 
1  following  a  date  denotes  the  7.85  A.  H.  observation ;  2  denotes 
the  4.85  p.  M.  observation ;  and  8  denotes  the  11  P.  M.  observa- 
tion. When  the  pressure  at  two  successive  observations  was 
sensibly  the  same,  I  have  taken  the  intermediate  date  as  being 
the  true  time  of  minimum.  The  fifth  column  shows  the  dif- 
ference between  the  date  of  minimum  on  Mt  Washington  and 
the  half  sum  of  the  dates  at  Burlington  and  Portland  expressed 
in  units  of  eight  hours. 

Barofnetric  minima  at  Burlington^  Yt^  Portlandy  Me.y  and 

Mt.  Washington^  N.  H, 


B«rl*ii. 

Poitrd. 

Mt.W. 

Diir. 

Biirl*ii. 

Portrd. 

Mt.W. 

Dlff. 

1872. 

d. 

d. 

d. 

1873. 

d. 

d. 

d. 

Oct 

14.1i 

14.H 

14.2 

+  0-5 

Dec. 

26.3 

26.3 

26.3 

00 

27.1 

27.1 

27.1 

O'O 

28.1 

28.1 

28.2 

+  10 

Not. 

7.1 

7.2 

7.3 

+  1-6 

1874. 

12.2 

12.3 

12.3 

+  0-5 

JaxL 

8.2 

8.2 

8.2i 

+  0-5 

14.3 

]4.3i 

15.1 

+  0-7 

10.1 

10.2 

10.2 

+  0-6 

30.1 

30.1 

30.1 

00 

15.2 

15.2i 

16.1 

+  1-7 

Bee 

2.3 

3.1 

3.1 

+  0-5 

23.1 

23.2 

23.2 

+  0-6 

9.1 

9.3 

10.1 

+  2-0 

28.1 

28.2 

28.3 

+  1-5 

27.2 

27.2 

28.1 

+  20 

Feb. 

10.2i 

10.3 

ll.li 

+  1-7 

1873. 

13.3 

14.1 

14.1 

+  0-6 

Jan. 

3.3 

3.3 

4.1 

+  10 

16.2 

16.3 

17.1 

+  1-5 

5.3 

5.3 

6.1 

+  1-0 

March 

4.1 

4.2 

4.2 

+  0-5 

21.3 

22.1 

22.1 

+  0-5 

9.1 

10.14 

lO.l 

+  1-2 

27.2 

27.3 

27.3 

+  0-5 

19.2 

19.3 

20.11 

+  20 

Feb. 

4.2 

4.2 

4.2i 

+  0-2 

22.3 

23.1 

23.1 

+  0-5 

8.1 

8.1 

8.2 

+  1-0 

26.2 

26.3 

26.3 

+  0-5 

21.2i 

21.3 

22.2 

+  1-2 

April 

3.1 

3.2 

3.2 

+  0-5 

March 

3.2 

3.2 

3.3 

+  10 

15.2 

15.2 

16.1 

+  20 

8.2i 

9.1 

9.1 

+  0-7 

21.1 

21.1 

21.1^ 

+  0-5 

16.1 

16.1i 

16.3 

+  1-7  ' 

26.1 

26.1 

26.1 

00 

21.H 

2l.li 

21.2i 

+  10 

30.2 

30.1 

30.2 

+  0-5 

23.2 

23.3 

24.1 

+  1-5 

May 

5.2i 

5.2 

5.3i 

+  1-2 

26.2 

26.3 

27.1 

+  1-5  ; 

25.2i 

25.3 

25.3| 

+  0-7 

29.3 

30.1 

30.1 

+  0-6 

31.2i 

31.2i 

32.1 

+  1-5 

31.1 

31.2 

31.2 

+  0-6  ! 

June 

7.3^ 

8.1 

8.2 

+  1-2 

April 

14.2 

14.2 

14.1 

-10 

17.21 

I7.3i 

17.3^ 

+  0-5 

19.1i 

19.2 

19.3 

+  1-2  1 

23.2 

23.3 

24.1 

+  1-5 

25.3i 

26.  H 

26.1 

0-0 

28.2 

28.2 

28.3 

+  10 

May 

13.1 

13.2 

13.2 

+  0-5 

Aug. 

1.2 

1.2 

1.2 

00 

24.H 

24.2 

24.2 

+  0-2 

Sept. 

30.1 

30.1 

30.2 

+  10 

June 

4.2i 

4.2^ 

\.Z\ 

+  10  ! 

Oct. 

2.2 

2.2 

2.3 

+  10 

19.3 

20.2 

20.2 

+  1-0 

10.2i 

10.3 

11.1 

+  1-2 

Sept 

1.2 

1.2 

2.1 

+  20  1 

I7.,3i 

18.2 

18..3I 

+  2-2 

Od 

7.1 

7.1 

7.1 

00 

Nov. 

lo.si 

11. li 

11.3 

+  20 

12.1 

12.2 

12.3 

+  1-5 

20.3 

20.3 

21.1 

+  10 

27.1 

27.2 

27.2 

+  0-5 

23.3 

23.3 

23.3i 

+  0-5 

KOT. 

8.2 

8.2 

8.3 

+  10 

29.11 

29.1i 

29.2 

+  0-6 

12.3 

'2.3 

13.  H 

+  1-5 

Dec. 

17.2 

17.3 

18.1 

+  1-5 

18.2 

18.2 

18.2 

00 

24.1^ 

24.2 

24.2 

+  0-2 

Dec. 

4.1 

4.2 

4.2i 

+  1-0 

1876. 

13.2 

13.3 

13.3 

+  0-5 

Jan. 

2.2 

2.2 

2.3 

+  10 
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It  will  be  seen  that  in  one  instance  the  minimum  at  Mt 
Washington  occurred  earlier  than  it  did  at  Burlington  or  Port- 
land; in  eight  cases  the  minima  occurred  simultaneously;  in 
seventy  cases  the  minimum  on  Mt  Washington  occurred  later 
than  the  half  sum  of  the  dates  at  Burlington  and  Portland,  the 
average  difference  being  0*88,  or  seven  hours.  The  height  d 
Mt.  Washington  above  Burlington  and  Portland  is  6,1&  £ee^ 
showing  an  average  retardation  of  one  hour  for  an  elevation  of 
870  feet 

I  next  compared  the  observations  made  at  the  summit  of  Mt 
Mitchell  in  iNforth  Carolina  (elevation  6,691  feet)  with  those 
made  at  the  base  of  the  mountain  (elevation  2,560  feet)  from 
August  6th  to  September  5th,  1873,  published  in  the  Report  of 
the  United  States  Chief  Signal  Officer  for  1873,  but  the  fluctu- 
ations of  the  barometer  were  too  small  to  yield  satiafactorjr 
results.  The  following  are  the  most  noticeable  coincidences  « 
minimum  pressure: 


Base. 

Saminit. 

Diflbrenee. 

1873.  Aug.  13 

3  P.M. 

4  P.M. 

+  1  hour. 

15 

2  A.M. 

5  a.m. 

+  3  hours. 

25 

6  P.M. 

7  P.M. 

+  2 

27 

2  a.m. 

4  a.m. 

+  2 

Sept    4 

3  P.M. 

7  P.M. 

+  4 

5 

3  P.M. 

6  P.M. 

+  3 

These  results  indicate  an  average  retardation  of  one  hour  for  an 
elevation  of  1,600  feet,  but  the  fluctuations  are  so  small  that 
no  great  importance  can  be  attached  to  them  except  as  they 
are  taken  in  connection  with  other  observations. 

I  next  compared  the  observations  made  on  Pike's  Peak  (ele- 
vation 13,960  feet)  with  those  made  at  Colorado  Springs,  the 
base  of  the  mountain  (elevation  5,850  feet),  a  copy  of  which 
observations  I  have  received  in  manuscript  througn  the  kind- 
ness of  Geneml  Myer.     When  the  observations  at  these  two 
stations  are  projected  in  curves,  the  differences  between  the 
two  curves  are  seen  to  be  considerable,  but  there  is  a  large 
number  of  cases  in  which  the  resemblance  is  very  decided. 
The  following  table  contains  those  cases  in  which  the  dates  of 
maximum  and   minimum  pressure  are  most  sharply  defined. 
There  are  many  other  cases  in  which  the  general  resemblance 
of  the  curves  is  very  decided,  but  the  change  of  curvature  is 
too  gradual  to  admit  of  a  satisfactory  comparison  of  the  instants 
of  maximum  or  minimum  pressure.     The  table  shows  the  date 
(hour  and  minute)  of  several  maxima  and  minima  both  at  Col- 
oradp  Springs  and  Pike's  Peak,  and  the  last  column  shows  the 
difference  between  the  dates  of  the  critical  points  at  the  two 
stations. 
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Barometer  at  Colorado  Springs  and  Pikers  Peak, 


Date. 

Colorado  Bpringa. 

Ptke*f  Peak. 

Dlff. 

b.  m. 

barom. 

b.  m. 

barom. 

b.  m. 

ax. 

1873.  Nov. 

16  10.26  a.m. 

30-16 

4.35  P.M. 

3012 

+   6.10 

in. 

22 

7.35  A.M. 

29-69 

7.35  A.M. 

29-64 

0.00 

in. 

Dec. 

2 

3.52  P.M. 

29  48 

3.    7.35  a.m. 

29-18 

+ 15.43 

in. 

7 

4.35  P.M. 

29-58 

7.47  P.M. 

29-47 

4-   3.12 

in. 

11 

4.35  P.M. 

29-60 

4.35  P.M. 

29-48 

0.00 

ax. 

13    8.13  a.m. 

30-27 

7.47  P.M. 

30-18 

+  11.34 

ax. 

24    8.13  a.m. 

30-27 

1 1.00  P.M. 

30-12 

+  14.47 

in. 

25;II.00P.M. 

29-80 

26.    7.35  a.m. 

29-75 

+   8.35 

in. 

1874  Jan. 

3 

7.35  A.M. 

29  28 

4.35  P.M. 

29-32 

+   9.00 

ax. 

6 

12.00  m. 

3017 

7.47  P.M. 

30  0.^ 

+   7.47 

in. 

26;  4.35  p.m. 

29-71 

27.    7.35  a.m. 

29-65 

+  15.00 

ax. 

28 

8.13  a.m. 

30-19 

1 1 .00  P.M. 

30-07 

+  14.47 

ax. 

Feb. 

8  12.00  m. 

30- 12 

9.    7.35  a.m. 

29-93 

+  19.35 

in. 

12  10.25  a.m. 

29-31 

4.36  P.M. 

29-20 

+   610 

ax. 

19  11.00  pm. 

29-81 

11.00  p.m. 

29-64 

0.00 

in. 

March  5  11.00  P.M. 

29-43 

4.35  P.M. 

29-H6 

—  6.26 

in. 

30,  4.13  pm. 

29-65 

4.35  P.M. 

29-58 

+   0.22 

ax. 

Apri] 

I    2;  8.52  a.m. 

3019 

4.35  P.M. 

29-95 

+   7.43 

in. 

4    4.13  P.M. 

29-63 

4.35  P.M. 

29-60 

+   0.22 

in. 

May 

1    4.35  p.m. 

29-50 

2.    7.35  a.m. 

29-50 

+  15.00 

in. 

9!  3.52  p.m. 

29-39 

4.35  P.M. 

29-46 

+   0.43 

ax. 

Oct 

21  11.00  p.m. 

30-28 

22.  12.00  m. 

30-27 

+  13.00 

in. 

24    7.35  a.m. 

29-64 

7.35  A.M. 

29-63 

0.00 

ax. 

26  12.00  m. 

30-21 

4.35  P.M. 

30-11 

+  4.35 

in. 

28)  7.35  a.m. 

29-5J* 

3.17  A.M. 

29-63 

-  4.18 

ax. 

30  1 1 .00  P.M. 

3031 

1 1 .00  P.M. 

29-98 

0.00 

ax. 

Nov. 

12  12.00  m. 

30-16 

4.35  p.m. 

30-06 

+   4.35 

in. 

22    7.36  a.m. 

29-32 

7.35  A.M. 

29-37 

0.00 

ax. 

26    1.25  a.m. 

29-98 

7.35  A.M. 

29-95 

+    6.10 

in. 

Dec. 

16    4.35  p.m. 

29-58 

7.47  P.M. 

29-56 

+   3.12 

]ax. 

23  1 1. 00  p.m. 

30-08 

11.00  p.m. 

29-79 

0.00 

ax. 

1875.  Jan. 

21    4.35  p.m. 

3003 

11.00  P.M. 

29-76 

+    6.25 

in. 

22 

11.00  p.m. 

29-75 

23.    7.35  A.M. 

29-54 

+    8.35 

majority  of  the  cases,  the  critical  points  occur  several 
ater  on  Pike's  Peak  than  at  Colorado  Springs.  In  ten 
^ases  the  difiRerence  was  less  than  on(*  hour,  and  in  two 
he  minimum  appeared  to  occur  earlier  at  the  summit 

the  base  of  the  mountain.  These  anomalies  are,  how- 
ore  apparent  than  real.  In  No.  16  the  barometer  at 
Peak  was  lowest  at  4.35  P.  M.,  but  at  7.35  a.  m.  of  the 
ly  it  had  risen  only  002  inch.  In  No.  25,  at  the  time 
minimum  at  Colorado  Springs,  the  barometer  at  Pike's 
ad  not  yet  begun  to  rise,  so  that  we  may  claim  that  in 

these  cases  the  minima  occurred  sensibly  at  the  same 
at  both  stations.  The  average  retardation  indicated  by 
cases  in  the  table  is  5**  50"^,  or  one  hour  for  an  elevation 
Ofeet 

number  of  cases  here  examined  appears  to  be  sufficient 
rant  the  following  conclusions:  that  over  the  United 
both  the  maxima  and  minima  of  atmospheric  pressure 
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generally  occur  first  near  the  surface  of  the  earth,  and  they 
occur  later  as  we  rise  above  the  surface,  the  retardation  amount- 
ing to  one  hour  for  an  elevation  of  from  900  to  1,800  feet 

Since  the  changes  in  the  pressure  of  the  air  generally  begin 
at  the  surface  of  the  eartn,  it  might  be  presumed  that  the 
changes  in  the  direction  of  the  wind  must  follow  the  same  law. 
In  order  to  decide  this  question  I  selected  all  those  cases  in 
which  the  wind  on  the  summit  of  Mt  Washington  blew  from 
either  the  points  S.,  S.E.,  E.  or  N.E.,  according  to  the  hourly 
observations  during  the  months  of  May  and  June,  1878.  The 
number  of  these  cases  was  196,  and  they  belong  to  ten  differ- 
ent periods  whose  duration  is  shown  in  column  8d  of  the  fol- 
lowing table.  Column  2d  shows  the  direction  of  the  wind 
during  this  period,  and  column  4th  shows  the  number  of  houra 
at  which  this  wind  was  observed. 

Comparison  of  winds  at  the  base  and  summit  of  Mt  Washington, 


On  the  f  ammit  of  Mt.  Waahlngton. 

Snrf Me  wlndB  from  tlie  SmL 

"So. 

Wind. 

Duration. 

HTs. 

29 
40 
19 

6 

2 
46 

4 
10 
36 

4 

Begmn. 

Ended. 

1 
1 
3 
4 
5 
6 
7 
8 
9 
10 

S.  to  E. 
S.  to  E. 

S. 

s. 
s. 

S.E.  to  N.E. 

N.E. 

S.  to  S.E. 

S.E.  to  N.E. 

S. 

May  2,  2  P.M.  to  May  3,  6  P.M. 
May  9,  1  a.m.  to  May  10,  4  P.M. 
May  11, 11  A.M.  to  May  12,  6  a.m. 
May  2 1,11  a.m.  to  May  21, 4  P.M. 
May  26, 10  a.m.  to  M.  26, 11  a.m. 
June  7,  7  p.m.  to  June  10, 1 1  a.m. 
June  13,  2  a.m.  to  June  IH,  8  a.m. 
June  14, 1  p.m.  to  June  15, 1  a.m. 
June  22, 9  p.m.  to  June  25,  3  p.m. 
June  29,  6  p.m.  to  June  29,  9  p.m. 

*!  h*r8  earliest. 

11  " 

12  *•        " 
12  "        " 
Uncertain. 
Variable. 

6  hr's  earliest. 
6    "        " 
Simultaneous. 
Simultaneous. 

4  h*r8  latest 
2    '*   eariiaiL 
8    '*   eariiesL 
6    "   eariiflSt. 
Unoertain. 
Variable. 
Uncertain. 
2  h^rs  latest. 
Variable. 
Variable. 

In  the  case  of  Nos.  6,  7,  8  and  9  the  interval  named  in  col- 
umn 8d  exceeds  the  number  of  hours  mentioned  in  column 
4th,  and  includes  several  hours  of  calms,  besides  a  few  hours  in 
which  there  was  a  feeble  wind  from  the  N.  or  W.  points.    Col- 
umn 6th  shows  when  the  surface  winds  began  to  blow  from  S., 
S.E.,  E.  or  N.E. ;  and  column  6th  shows  when  these  winds 
changed  to  north  or  west.     The  time  here  given  for  the  change 
of  the  surface  winds  is  designed  to  indicate  the  time  of  general 
change  at  the  neighboring  stations,  and  does  not  depend  exclu- 
sively upon  observations  at  the  base  of  the  mountain.     It  will 
be  seen  that  the  surface  winds  generally  began  to  blow  from 
the  east  several  hours  before  the  change  took  place  on  the  sum- 
mit of  Mt.  Washington.     The  change  of  wind  back  from  east 
to  west  sometimes  occurred  first  at  the  base  and  sometimes  it 
occurred  first  on  the  summit.     The  term  variable  in  column. 
6th  denotes  that  the  surface  winds  were  feeble,  and  fiuctuated 
for  several  hours  between  east  and  west. 

It  will  be  noticed  that  during  the  entire  period  of  the  baro- 
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metric  oscillations  represented  on  Plate  II,  the  wind  on  Mt 
Washington  never  blew  from  the  S.,  S.E.,  E.  or  N.E.,  and 
the  same  is  true  of  the  four  minima  in  the  months  of  May  and 
June,  1873,  mentioned  on  page  9.  Thus  we  see  that  areas  of 
low  barometer  frequently  occur  accompanied  by  surface  winds 
from  the  south  ana  east,  while  the  winds  on  Mt  Washington 
blow  uninterruptedly  from  the  western  quarter ;  and  in  those 
eases  in  which  the  wind  on  Mt  Washington  blows  from  an 
eastern  quarter,  the  change  from  west  to  east  generally  occurs 
first  at  the  base  of  the  mountain. 

It  is  also  noticeable  that  the  diurnal  movements  of  the  barom- 
eter exhibit  a  peculiarity  similar  to  that  found  for  the  acci- 
dental fluctuations.     This  is  shown  by  the  following  table, 

Mean  height  of  the  barometer  at  all  hottrs  of  the  day. 


Mount  Washington,  New  Hampshire. 

Mt.  MltcheU, 
N.  C. 

Month  of  Jnne. 

Month  of  May. 

May  and  Jnne. 

Angnst. 

8tat*nl 

8t»t*n8 

8tat*n8 

8Ut*n4 

BUt*n  1 

8Ut*n4 

Snm*t. 

Base. 

Bom't. 

BmSO. 

lAJL 

23-818 

24-612 

26^979 

27-179 

23702 

27-162 

23-760 

27166 

23720 

27365 

% 

•816 

•613 

•976 

-173 

•699 

•149 

•767 

•161 

•714 

•361 

3 

•806 

-608 

•971 

•170 

•696 

•147 

•761 

-158 

•711 

•347 

i 

•802 

•511 

•976 

•176 

•690 

•146 

•746 

•160 

•706 

•349 

5 

•805 

-613 

•982 

•181 

•701 

•160 

•753 

•165 

•713 

•367 

6 

•811 

•513 

•987 

•189 

•701 

•168 

-766 

•173 

•720 

-368 

7 

•817 

•620 

•993 

•196 

•707 

•164 

•762 

•180 

•731 

•373 

8 

•821 

•527 

•996 

•196 

•714 

•166 

•767 

•181 

•739 

•378 

9 

•828 

•532 

•998 

•196 

•718 

•166 

•773 

•181 

•748 

•379 

10 

•838 

•636 

•999 

•196 

-726 

•166 

•781 

•180 

•763 

•374 

11 

•839 

•533 

•997 

•190 

•731 

•162 

•784 

•176 

•753 

•363 

noon 

•841 

•632 

•992 

•182 

•733 

•156 

•787 

•169 

•746 

•354 

IP.IL 

•839 

•532 

•986 

•177 

•731 

•149 

•785 

•163 

•737 

-346 

2 

•834 

•527 

•985 

•171 

•732 

•143 

•783 

•157 

•730 

•333 

3 

•830 

•628 

•976 

•161 

•725 

•142 

•777 

•152 

•726 

-330 

4 

•826 

•521 

•973 

•158 

•726 

-142. 

•775 

•150 

•719 

•321 

5 

•817 

•520 

•973 

•152 

•724 

•147 

•771 

•150 

•717 

•323 

6 

•822 

•517 

•973 

•156 

•721 

•154 

•771 

•156 

•717 

•329 

7 

•818 

•623 

•976 

•165 

•727 

•162 

•772 

•163 

•723 

•345 

8 

•818 

•622 

•980 

•166 

•727 

•166 

•773 

•166 

•730 

•360 

9 

•826 

•531 

•984 

•173 

•733 

•170 

•779 

•171 

•737 

•361 

10 

•823 

•522 

•983 

•172 

•727 

•170 

•775 

•171 

•739 

•861 

11 

•821 

•622 

•981 

•174 

•720 

•169 

•770 

•171 

•736 

•360 

midn't 

•816 

•516 

•978 

•169 

•716 

•165 

•765 

•167 

•728 

•365 

which  gives  the  results  derived  from  the  hourly  observations 
published  in  the  Signal  Service  Report  for  1878.  Column  2d 
shows  the  mean  height  of  the  barometer  at  station  1  (summit 
of  Mt.  Washington),  at  each  hour  of  the  day  for  the  month  of 
Jnne.  Column  3d  shows  the  mean  height  of  the  barometer  at 
station  2  (5,553  feet  above  sea  level) ;  column  4th  shows  the 
barometer  at  station  3  (4,058  feet  above  the  sea);  and  column 
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5th  shows  the  barometer  at  station  4  (2,898  feet  above  the  sea). 
Columns  6th  and  7th  show  the  mean  height  of  the  barometor 
at  stations  1  and  4  for  the  month  of  May ;  columns  8th  and  9th 
show  the  mean  height  of  the  barometer  at  stations  1  and  4  for 
the  months  of  May  and  June  combined.  Column  10th  shows 
the  mean  height  of  the  barometer  at  each  hour  of  the  day  for 
the  mouth  of  August,  on  the  summit  of  Mt  Mitchell,  N.  G 
(elevation  6,691  feet),  and  column  11th  shows  the  barometer  al 
the  base  of  the  mountiiin  (elevation  2,560  feet). 

At  the  base  of  Mt.  Washington  the  principal  maximam 
occurs  at  8^  A.  M.,  but  on  the  summit  it  does  not  occur  until 
noon,  being  a  retardation  of  3^^  hours,  which  is  almost  identi- 
cally the  same  as  we  have  found  on  page  7  by  a  comparison  of 
the  accidental  fluctuationa  At  the  base  of  Mt  Mitchell  tbe 
principal  maximum  occurs  at  8^  A.  M.,  but  on  the  summit  il 
occurs  at  lOi  A.  M.,  being  a  retardation  of  two  hours,  which 
also  accords  remarkably  with  the  result  derived  on  page  1(\ 
from  the  accidental  fluctuations. 

ITigh  Winds  on  Mount  Washington, 

In  order  to  study  the  laws  of  the  winds  on  Mount  Washing- 
ton, I  selected  from  the  published  volumes  of  the  Signal  Sep* 
vice  observations  (Sept,  1872  to  Jan.,  1875)  all  those  cases  in 
which  the  velocity  of  the  wind  was  at  least  sixty  miles  per  hour. 
The  number  of  these  cases  was  484,  of  which  117  occurred  at 
7.35  A.  M.,  187  at  4.85  P.  M.  and  180  at  Up.  m.  Thus  we  see 
that  at  11  P.  M.  the  frequency  of  high  winds  is  42  percent 
greater  than  at  the  other  hours  of  observation.  But  near  the 
level  of  the  sea  the  force  of  the  wind  at  11  p.  M.  is  generally 
near  its  minimum,  so  that  we  conclude  that  the  causes  which 
produce  high  winds  on  Mount  Washington  are  mainly  inde- 
pendent of  the  causes  which  determine  the  ordinary  diurnal 
change  in  the  force  of  the  wind  near  the  level  of  the  sea. 

The  following  table  shows  the  average  number  of  cases  of 
violent  winds  for  each  month  of  the  year. 

Summer. 


Spring. 
Mar. 
Apr. 
May 


Antmnn. 


.  17.5  )  June  1 1.6  )  Sept.  1 1.7  )  Dec.  22.7  ) 

.  16.6  V  14.0         July    6-6  [    9.2         Oct.     9.7  [  13.8         Jan.  21.3  V  21. 
'    9.0  )  Aug.   9.6  )  Nov.  20.0  )  Feb.  19.6  ) 


winter. 

.2 


Thus  we  see  that  during  the  winter  months,  high  winds  arc 
twice  as  frequent  as  during  the  summer  months,  while  near  the 

level  of  the  sea  high  winds  are  seven  times  as  frequent  during  \ 

the  former  period  as  during  the  latter  period.  \ 

The  following  table  shows  the  number  of  cases  in  which  the  i 

wind  blew   from   the  different  directions  at  the  time  of  these  . 

high  velocities.  I 
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North, 

53  cases. 

South, 

14  cases. 

Northwest, 

260      " 

Southeast, 

8      " 

West 

63      " 

East 

2      " 

Southwest, 

27      " 

NortJieast, 

7      " 

bus  we  see  that  60  per  cent  of  all  the  high  winds  came  from 
northwest;  75  per  cent  came  from  the  west  and  northwest; 
per  cent  came  from  the  west,  northwest  and  north ;  while 
T  4  per  cent  came  from  the  northeast,  east  and  southeast. 
1  onler  to  determine  whether  these  high  winds  bear  a  con- 
t  relation  to  centers  of  low  pressure  as  indicated  by  obser- 
ons  near  the  level  of  the  sea,  I  prepared  a  table  showing 
each  date  the  position  of  the  nearest  center  of  low  pressura 
s  table  is  so  large  that  I  have  not  thought  it  expedient  to 
lish  it  entire,  and  I  have  endeavored  to  abridge  it  in  such  a 
ineras  to  give  a  correct  idea  of  the  contents  of  the  complete 
e.  In  order  to  equalize  the  number  of  examples  for  the 
jrent  directions  of  the  wind,  I  adopted  a  different  standard 
velocity  for  each  direction  of  the  wind.  For  the  northwest 
ds  I  have  employed  only  velocities  amountingto  one  hundred 
58  per  hour;  for  the  west  wind,  I  have  employed  velocities  of 
ity  miles  per  hour ;  for  the  north  winds  velocities  of  seventy- 
miles;  for  the  southwest  winds  sixty-five  miles;  for  the 
th  sixty  miles;  for  the  southeast,  fifty-four  miles  ;  for  the 
^beast,  fifty  miles,  and  for  the  east  winds  I  have  employed  all 
Kjities  amounting  to  forty  miles  per  hour.  The  results  are 
wn  in  thefollowing  table,  in  which  column  1st  shows  the  num- 
of  reference,  column  2d  shows  the  date  of  observation  ;  col- 
1  3d  the  direction  of  the  wind,  column  4th  its  velocity  in 
?8  per  hour,  column  6th  the  position  of  the  nearest  center  of 
pressure,  and  column  5th  the  height  of  the  barometer  at 
station  named. 

L  will  be  observed  that  with  a  north  wind  of  seventy -five 
es  per  hour  on  Mount  Washington  there  was  generally  a 
center  near  Halifax,  Chatham,  Sydney  or  Cape  Rozier.  In 
le  eases  the  center  of  least  pressure  had  already  passed 
OTid  our  stations  of  observation.  This  remark  applies  to 
5.  1,  12  and  13.  The  direction  of  the  wind  was  nearly  at 
It  angles  to  the  direction  of  the  low  center.  In  all  these 
?s  the  pressure  was  above  thirty  inches  on  the  west  side  of 
unt  Washington  and  at  a  distance  of  five  hundred  or  six 
idred  miles;  but  in  a  majority  of  the  cases  the  center  of 
b  pressure  was  southwest  of  Mount  Washington. 
Pith  a  northwest  wind  of  one  hundred  miles  per  hour  on 
mt  Washington  there  was  generally  a  low  center  near  Hali- 
Sydney,  Quebec,  Father  Point  or  Cape  Rozier.  In  the 
J  oi  No.  33  (which  is  the  continuation  of  No.  11)  the  low 
:er  had  already  passed  beyond  our  stations  of  observation. 
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twelve  of  the  cases  the  stations  which  show  the  lowest  pres- 
e  are  the  same  as  reported  above  for  the  north  winds,  but  in 
of  the  cases  the  lowest  pressure  was  farther  to  the  west 
B  average  direction  of  the  low  center  from  Mount  Washing- 
was  nearly  at  right  angles  to  the  direction  of  the  winds, 
all  of  these  cases  (except  Nos.  28  and  29)  the  pressure  was 
>ve  thirty  inches  on  the  west  side  of  Mount  Washington 
I  generally  at  a  distance  of  about  five  hundred  miles,  but  in 
lajority  of  the  cases  the  center  of  high  pressure  was  south - 
It  of  Mount  Washington. 

^ith  a  west  wind  of  eighty  miles  per  hour,  the  low  center 
I  generally  near  some  one  of  the  stations  already  named, 
six  of  the  cases  the  low  center  was  near  one  of  the  stations 
ned  for  the  north  winds ;  in  twelve  of  the  cases  the  low 
ter  was  near  one  of  the  stations  named  for  the  northwest 
ids ;  and  in  one  case  (No.  46)  the  low  center  was  farther 
jt  than  was  found  for  the  north  or  northwest  winda  The 
jle  which  the  wind's  direction  made  with  the  direction  of 
station  reporting  the  least  pressure  ranges  from  about  zero 
somewhat  over  90®.  On  account  of  the  small  number  of 
^ons,  it  is  generally  impossible  to  assign  exactly  the  position 
the  center  of  least  pressure,  but  apparently  the  angle  which 
wind's  direction  made  with  the  direction  of  the  low  center 
}  in  some  cases  less  than  46®.  In  all  of  these  cases  (except 
s.  45  and  47)  the  pressure  was  above  thirty  inches  on  the 
it  side  of  Mount  Washington  and  generally  at  a  distance  of 
Hit  eight  hundred  miles  ;  but  in  all  cases  the  center  of  high 
ssure  was  somewhat  south  of  west  from  Mount  Washington. 
Nhh  a  southwest  wind  of  sixty-five  miles  per  hour,  the 
ection  of  the  station  reporting  the  lowest  pressure  ranges 
m  N.  26°  E.  to  S.  76°  W.,  the  average  direction  of  the  low 
ter  making  an  angle  of  about  90°  with  the  direction  of  the 
)d.  In  the  case  of  No.  58  there  was  a  low  center  in  Vir- 
ia  and  a  low  center  at  the  same  time  in  Manitoba,  and  both 
med  to  exert  an  influence  upon  the  direction  of  the  wind  on 
►unt  Washington.  In  six  of  these  cases  the  center  of  high 
jssure  was  southwest  of  Mount  Washington,  but  in  the 
aaining  ten  cases  its  direction  was  almost  exactly  west,  and 
distance  about  1,800  miles. 

With  a  south  wind  of  sixty  miles  per  hour  on  Mount 
ashington  the  low  center  is  generally  found  nearly  west  from 
it  station.  The  exceptions  are  Nos.  71,  75,  77  and  78.  In 
!  case  of  seventy-one  we  find  the  pressure  at  Montreal  was 
3  than  at  Burlington,  so  that  it  appears  possible  that  at  the 
ght  of  6,000  feet  the  center  of  least  pressure  was  not  over 
rtland  but  northwest  of  Montreal.  In  the  case  of  seventy- 
B   the  pressure  at  Ottawa  was  only  '07  inch  greater  than  at 
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Quebec ;  in  the  case  of  seventy-seven  the  pressure  at  Kings- 
ton was  only  *02  inch  greater  than  at  Portland  ;  and  in  seventy- 
eight  the  pressure  at  Albany  was  only  *05  inch  greater  than  at 
Atlantic  City ;  so  that  it  appears  not  improbable  that  at  the 
height  of  6,000  feet  the  center  of  least  pressure  at  each  ol 
these  four  dates  was  west  of  Mount  Washington.  In  each  ol 
these  cases  there  was  a  center  of  high  pressure  in  a  direction 
west  or  southwest  from  Mount  Washington  and  at  an  average 
distance  of  1,100  miles.  It  is  presumed  there  was  also  an 
area  of  high  pressure  on  the  east  side  of  Mount  Washington, 
but  it  had  already  passed  beyond  our  stations  of  observation. 

With  a  southeast  wind  of  fifty-four  miles  per  hour  on  Mount 
Washington  the  low  center  falls  between  tne  directions  sooth 
and  northwest  The  only  exception  is  No.  SO  and  this  case 
seems  to  indicate  that  at  the  height  of  6,000  feet  the  low  center 
was  nearly  two  hundred  miles  in  arrears  of  the  low  center  at 
the  surface  of  the  earth.  In  each  of  these  cases  there  was  an 
area  of  high  pressure  west  or  southwest  of  Mount  Washington. 
Oenerallj  its  direction  was  nearly  west  and  its  distance  about 
1,200  miles.  The  center  of  high  pressure  on  the  east  side  bad 
generally  passed  beyond  our  stations  of  observation,  but  in  the 
case  of  No.  91,  the  pressure  at  Cape  Bozier  was  30*67  inches, 
and  the  distance  of  the  center  of  low  pressure  was  more  than 
twice  as  great  as  usual. 

With  an  east  wind  of  sixty  miles  per  hour  the  low  center  is 
generally  found  nearly  south  of  Mount  Washington.  The 
exceptions  are  Nos.  93,  91:,  97  and  103.  In  the  case  of  Noa 
93  and  97,  observations  at  other  stations  place  the  low  center 
considerably  south  of  Oswego  and  Grand  Haven  ;  and  in  the 
case  of  No.  103,  observations  at  other  stations  place  the  low 
center  west  of  Portland.  The  position  of  the  areas  of  high 
pressure  is  nearly  the  same  as  for  the  southeast  winda 

With  a  northeast  wind  of  fifty  miles  per  hour  the  low  center 
is  generally  found  south  or  southeast  of  Mount  Washington. 
The  exceptions  are  Nos.  109,  110,  111  and  117.  In  the  case 
of  Nos.  109  and  117  no  observations  were  made  near  the 
Atlantic  coast  at  any  station  east  of  Portland,  and  it  is  proba- 
ble that  at  these  dates  the  low  center  was  not  far  from  Halifax. 
In  the  case  of  Nos.  110  and  111  the  low  center  came  from  the 
southwest,  and  the  minimum  of  pressure  on  Mount  Washing- 
ton occurred  fifteen  hours  later  than  at  Burlington  or  PortlancL 
It  seems  probable  therefore  that  at  the  height  of  6,000  feet  the 
low  center  was  considerably  southwest  of  its  position  at  the 
surface  of  the  earth.  In  the  ca.se  of  No.  115  the  low  cent^ 
hud  already  passed  beyond  Halifax,  which  was  the  most  eastern 
station  of  observation. 

The  examination  of  these  one  hundred  and  twenty-one  cases 
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ems  to  warrant  the  following  conclusions :  I.  High  winds  on 
!ouDt  Washington  circulate  about  a  low  center  as  they  do 
iar  the  level  of  the  sea.  2.  The  motion  of  the  wind  is 
3arly  at  right  angles  to  the  direction  of  the  low  center.  8. 
he  low  center  at  the  height  of  Mount  Washington  sometimes 
gs  behind  the  low  center  at  the  surface  of  the  earth  appar- 
itly  as  much  as  two  hundred  miles. 

High  Winds  on  Pikers  Peak. 

In  order  to  study  the  laws  of  the  winds  on  Pike's  Peak,  I 
Jeeted  from  the  published  volumes  of  the  Signal  Service 
iservations  (November,  1878  to  January,  1876)  all  those  cases 
I  which  the  velocity  of  the  wind  was  as  great  as  thirty  miles 
^r  hour.  The  number  of  these  cases  was  863,  of  which  186 
ere  reported  at  7.85  A.  M.,  97  at  485  p.  m.,  and  130  at  11  p.  m. 
!ence  it  appears  that  at  485  P.  M.  high  winds  are  twenty-five 
sr  cent  less  freouent  than  at  the  other  two  hours  of  observa- 
on.  But  near  the  level  of  the  sea  the  average  force  of  the 
ind  at  4  P.  M.  is  double  that  at  the  other  two  hours,  which 
isults  accord  with  the  Mt.  Washington  observations  in  indicat- 
ig  that  these  high  winds  are  mainly  independent  of  the  causes 
hich  determine  the  diurnal  change  at  the  level  of  the  sea. 

The  average  number  of  cases  of  violent  winds  for  each 
lonth  of  the  year  is  as  follows : 
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Thus  we  see  that  during  the  winter  months  high  winds  are 
early  three  times  as  frequent  as  during  the  summer  months. 

The  following  table  shows  the  number  of  cases  in  which  the 
ind  blew  from  the  different  directions  at  the  time  of  these 
igh  velocities. 

North,  28  cases.  South,  18  casee. 

Northwest,     47      **  Southeast,  1  case. 

West,  154      ''  East,  0      " 

Southwest,  111      "  Northeast,  4  cases. 

'bus  we  see  that  seventy-three  per  cent  of  these  high  winds 
3me  from  the  west  and  southwest,  and  only  one  per  cent  comes 
•om  any  easterly  point 

In  order  to  determine  whether  these  high  winds  bear  a  con- 
tant  relation  to  centers  of  low  pressure  near  the  level  of  the 
»,  I  have  prepared  a  table  similar  to  that  on  page  16.  For 
le  west  winds  I  have  employed  all  velocities  amounting  to 
fty-five  miles  per  hour;  for  the  southwest  winds  I  have 
nployed  velocities  of  fifty  miles  per  hour;  for  the  northwest 
inds  velocities  of  forty-two  miles  per  hour;  for  the  north 
inds  thirty-five  miles  per  hour ;  for  the  south  winds  thirty- 
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two  miles  per  hour ;  for  the  northeast  winds  twenty-two  miles 
per  hour;  for  the  southeast  winds  ten  miles  per  hour,  and  for 
the  east  winds  I  have  employed  all  velocities  amounting  to 
seven  miles  per  hour.  The  following  table  is  arranged  in  the 
same  manner  as  that  on  page  16.  For  No.  47  the  velocity  of  the 
wind  is  given  seventy-seven  miles  according  to  the  published 
observations;  but  I  am  informed  by  General  Myers  that  this 
velocity  should  be  thirty  miles. 

It  will  be  observed  that  with  a  north  wind  of  thirty -five  miles 
per  hour  on  Pike's  Peak,  there  was  generally  an  area  of  low 
pressure  on  the  east  side  of  that  station.  In  the  case  of  No.  11, 
throughout  the  entire  United  States  the  barometer  was  above 
thirty  inches,  but  a  low  center  was  forming  near  Mobile  which 
on  the  next  day  developed  into  a  storm  of  considerable  inten- 
sity. We  also  find  that  there  was  generally  an  area  of  high 
pressure  in  a  direction  west  or  northwest  from  Pike's  Peak. 

With  a  northwest  wind  of  forty-two  miles  per  hour,  there 
was  generally  an  area  of  low  pressure  on  the  northeast  side  of 
Pike  s  Peak.  No.  28  is  the  same  case  as  No.  11  noticed  abova 
We  also  find  that  there  was  generally  an  area  of  high  pressure 
on  the  Pacific  coast 

With  a  west  wind  of  fifty-five  miles  per  hour,  there  was 
generally  an  area  of  low  pressure  in  a  northeast  direction  from 
Pike's  Peak,  and  an  area  of  high  pressure  on  the  Pacific  coast 
No.  40  is  the  same  case  as  Nos.  11  and  23  noticed  above. 

With  a  southwest  wind  of  fifty  miles  per  hour,^ there  was 
generally  an  area  of  low  pressure  in  a  northerly  direction  from 
Pike's  Peak,  and  an  area  of  high  pressure  on  the  Pacific  coast 
or  on  the  coast  of  Texas. 

With  a  south  wind  of  thirty-two  miles  per  hour,  there  was 
generally  an  area  of  low  pressure  in  a  northerly  direction  from 
Pike's  reak.  Frequently  the  center  of  low  pressure  appeared 
to  be  in  a  direction  east  of  north.  If  there  had  been  more 
westerly  stations  of  observation  it  is  presumed  that  in  some  of 
these  cases  the  center  of  least  pressure  would  have  been  found 
west  of  Bismark  and  Fort  Sully.  In  the  case  of  No.  73  an 
area  of  low  pressure  was  forming  near  Pike's  Peak,  which 
became  fully  developed  the  next  day.  We  also  find  that  the 
pressure  was  generally  somewhat  above  the  mean  in  a  direction 
southeast  from  Pike's  Peak. 

With  a  southeast  wind  of  not  less  than  ten  miles  per  hour, 
there  was  generally  an  area  of  low  pressure  at  no  great  distance, 
but  in  half  of  the  cases  the  lowest  observed  pressure  was  on  the 
northeast  side  of  Pike's  Peak.  All  but  th  ree  of  the  cases  occurred 
in  summer,  and  the  average  velocity  of  the  wind  was  only  sixteen 
miles  per  hour.  We  also  find  that  on  the  east  side  of  Pike's 
Peak,  the  pressure  was  in  each  case  a  little  above  thirty  inche& 
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With  an  east  wind  of  not  less  than  seven  miles  per  hour  on 
Pike's  Peak,  the  pressure  on  the  Pacific  coast  was  ^enerallj 
somewhat  less  than  thirty  inches,  while  on  the  east  side  of  that 
station  the  pressure  was  a  little  greater  than  thirty  inches,  bat 
at  Santa  F6  the  pressure  at  these  dates  was  not  sensibly  below 
the  mean.  The  average  velocity  of  the  wind  was  only  twelve 
miles  per  hour.  The  majority  of  these  cases  occurreci  in  sum- 
mer, and  none  occurred  during  the  colder  half  of  the  year. 

With  a  northeast  wind  of  twenty -two  miles  per  hour,  a 
pressure  less  than  thirty  inches  was  generally  found  on  the  east 
side  of  Pike's  Peak,  its  average  direction  being  about  south- 
east Also  a  pressure  greater  than  thirty  inches  was  generally 
found  on  the  north  or  northwest  side  of  Pike's  Pe«X,  bat  in 
half  of  the  cases  the  difference  between  these  two  pressures  did 
not  exceed  a  quarter  of  an  inch. 

Comparing  tne  preceding  results  with  those  before  found  for 
Mt.  Washington,  we  see  that  with  a  high  wind  from  the  north, 
northwest,  west,  or  southwest,  the  position  of  the  areas  of  low 
pressure  is  similar  at  both  stations,  but  the  centers  of  least 
pressure  are  frequently  more  remote  from  Pike's  Peak,  and  are 
more  widely  scattered  This  difference  may  be  partly  explained 
by  the  small  number  of  stations  east  and  north  of  Mt  Wash- 
ington. With  a  high  south  or  southeast  wind  on  Pike's  Peak 
the  position  of  the  low  center  is  sometimes  apparently  east  of 
north.  Similar  anomalies  are  sometimes  noticed  on  Mt  Wash- 
ington, but  they  admit  of  a  plausible  explanation.  We  also 
notice  that  with  a  low  center  at  a  given  locality,  the  high  winds 
on  Pike's  Peak  may  have  a  great  variety  of  directions.  Thus 
when  there  is  a  low  center  at  Fort  Sully,  we  find  high  winds 
on  Pike's  Peak  from  north,  northwest,  southwest,  south, 
and  southeast  When  there  is  a  low  at  Bismark  or  Cheyenne 
we  find  high  winds  on  Pike's  Peak  from  northwest,  west, 
southwest  and  south.  This  result  may  be  in  part  ascribed  to 
the  small  number  of  stations  near  the  Rocky  Mountains,  which 
renders  it  difficult  to  assign  the  precise  position  of  the  center  of 
least  pressure.  It  also  appears  that  the  direction  of  the  wind 
on  Pike's  Peak  depends  partly  upon  the  position  of  the  areas 
of  high  pressure,  but  this  airection  seems  to  be  influenced  by 
circumstances  which  cannot  be  clearly  assigned  from  the  want 
of  observations  at  a  sufficient  number  of  stations. 

With  an  east  or  northeast  wind  on  Pike's  Peak,  there  is 
generally  no  low  center  of  much  magnitude  indicated  at  any  of 
the  stations,  and  the  average  difference  between  the  high  on 
one  side  and  the  low  on  the  other  is  only  one-third  of  an  inch. 
Hence  we  conclude  that  while  high  winds  on  Pike's  Peak 
from  the  directions  north,  northwest,  west  and  southwest  indi- 
cate a  circulation  about  a  low  center  according  to  the  same  law 
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is  observed  near  the  level  of  the  sea,  the  winds  from  the 
»utb,  southeast,  east  and  northeast  give  only  obscure  indiea- 
jus  of  being  governed  by  this  law. 

The  winds  observed  on  Pike's  Peak  from  the  east  and  south- 
ist  are  very  few  in  number,  particularly  during  the  colder 
>rtion  of  the  year.  The  following  table  shows  the  total  num- 
3r  of  easterly  winds  for  each  month  during  a  period  of  three 
sars  from  o^rvations  made  three  times  a  day. 

•a.  2  0  4  May  6  6  19  Sei»t  6  4  36 

^b.  1  0  3  June  6  2  12  Oct  2  9  19 

£ar.  1  0  13  July  9  12  49  Nov.  1  0  10 

Ipr.  4  0  15  Aug.  9  8  26  Dec  2  2  19 

Thus  we  see  that  during  the  six  months  from  November  to 
.pril,  an  east  wind  was  observed  only  twice  in  a  period  of 
iree  years.  In  one  of  these  cases  the  velocity  of  the  wind  was 
X  miles  per  hour,  and  in  the  other  case  three  miles.  The 
inds  from  east  and  southeast  constitute  less  than  three  per  cent 
:  all  the  winds,  whereas  in  the  same  latitude  near  the  level 
I  the  sea  the  winds  from  these  directions  constitute  twenty 
^r  cent  of  the  whole  number.  We  also  notice  that  on  Pike's 
eak  easterly  winds  are  four  times  as  frequent  in  summer  as 
I  winter,  which  seems  to  indicate  that  these  winds  are  depen- 
3nt  upon  difference  of  temperature  more  than  upon  difference 
:  pressure.  On  the  elevated  plateau  west  of  Pike's  Peak  are 
(tensive  regions  where  the  temperature  is  as  high  as  it  is  on 
le  east  side  at  a  much  lower  level ;  whence  it  may  result  that 
;  the  height  of  Pike's  Peak  the  temperature  of  the  air  on  the 
est  side  is  sometimes  sensibly  greater  than  it  is  on  the  east 
de. 

The  only  station  of  the  Signal  Service  whose  direction  is 
»rly  south  from  Pike's  Peak  is  Santa  Fd  I  have  examined 
lese  observations  to  see  what  was  the  direction  of  the  wind  on 
ike's  Peak  at  the  time  of  low  barometer  at  Santa  Fd  The 
llowing  table  shows  all  the  cases  in  which  there  was  a  consid- 
able  depression  at  Santa  F^  during  the  period  of  the  pub- 
5hed  observations  at  Pike's  Peak.  Column  second  shows  the 
ite  of  the  minimum ;  column  third  shows  the  lowest  observa- 
DU  of  the  barometer;  column  fourth  shows  the  direction  and 
•rce  of  the  wind  at  Santa  F^  ;  column  fifth  shows  the  direction 
id  force  of  the  wind  on  Pike's  Peak  at  the  date  named  in 
)lumn  second  ;  column  sixth  shows  the  wind  on  Pike's  Peak 
.  the  time  of  the  last  preceding  observation  ;  and  column 
jventh  shows  the  position  of  the  center  of  the  nearest  low  area 
J  shown  by  the  observations. 
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We  Bee  that  the  center  of  low  pressure  generally  passes  north 

ftf  Pike's  Peak,  and  there  are  only  six  cases  in  which  the  low 

^  south  of  Pike'a  Peak,  viz:  Nos.  1,  8,  9,  22,  28  and  26. 

In  the  case  of  Noi  1  and  22  the  wind  on  Pike's  Peak  was 

nortbeaBt;  in  No.  23  it  was  from  the  south;  in  Na  26 it  was 

Mlm  ■  in  No.  8  it  was  southeast  at  the  time  of  the  last  prcced- 

inff  observation  ;  in  No.  9  it,  was  southwest  and  had  been  blow- 

inff  from  some  western  quarter  for  a  period  of  forty-eight  houre. 

Tfo  first  five  cases  aucunl  U'lcral'ly  well  with  the  results  found 

tnr  the  winds  on  Mt.  Washington,  but  No.  9  seems  to  indicate 

Aat  the  BjBtem  of  circalaling  winds  which  prevailed  at  that 

?.    g(  lower  stations  did  imt  extend  as  high  as  Pike's   Peak. 

W^aoB  that  one  reason  why  easterly  winds  are  so  rare  on  Pike'a 

VLak.  particularly  during  the  winter  months,  is  that  the  low 

vJflMflfteDerally  pass  north  of  that  mountain. 

T^kV  preceding  iiivi'st,i;raiiori  seems  to  warrant  the  following 

' .  J^na^  which  aro  an  extension  of  those  stated  on  page  19. 

■•"Y  At  the  height  of  6,000  feet  the  winds  cireulutc  nhoiu  cen- 

M  tow  pressure  as  they  do  near  the  Ifvel  of  the  sea,  bat 

^*^_jy  the  position  of  the  center  of  low  tiiT^siire  s  sensibly 

■ffSl  •*  *''®  height  of  Mt  Washington  from  what  it  is  at 
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lower  stations,  and  we  sometimes  find  low  areas  resulting  from 
a  circulation  of  the  surface  winds  which  does  not  extend  to  the 
height  of  6,000  feet 

2.  At  the  height  of  14,000  feet  the  fluctuations  of  the  barom- 
eter are  c^uite  large,  but  the  centers  of  low  pressure  at  this  ele- 
vation differ  in  position  from  those  at  lower  stations,  so  that 
frequently  there  appears  to  be  but  little  correspondence  between 
the  movements  of  tne  wind  on  Pike's  Peak  and  the  fluctuations 
of  pressure  at  the  lower  stations,  and  we  frequently  find  areas  of 
low  pressure  resulting  from  a  circulation  of  the  surface  winds 
which  does  not  extend  to  the  height  of  14,000  feet 

In  preparing  the  materials  for  this  article  I  have  been  assisted 
bj  Mr.  Henry  A.  Hazen,  a  graduate  of  Dartmouth  College  of 
the  class  of  1871. 


Art.  IL — Notes  on  the  Mesozoic  Strata  of  Virginia ;  by 

Wm.  M.  Fontaine. 

In  this  paper  I  present  a  summary  of  the  results  attained  by 
a  series  of  examinations,  made  in  the  Mesozoic  strata  of  Vir- 
ginia. These  examinations  have  occupied  the  larger  portion  of 
my  summer  vacations  for  several  years.  Some  of  m}^  conclu- 
sioDs  were  reached  sometime  ago,  but  as  the  field  presents 
many  difficulties  in  its  study,  and  as  I  arrived  at  some  unex- 
pected results,  I  was  not  willing  to  present  them  until  I  had 
made  repeated  observations,  and  at  remote  points.  As  I  have 
been  very  slow  myself  to  reach  some  of  these  conclusions,  I 
mast  expect  that  others  will  require  convincing  evidence  before 
accepting  them.  Such  evidence  perhaps  cannot  be  presented 
in  tne  limits  of  an  article.  To  aeal  fully  with  my  material, 
whether  stratigraphical,  lithological,  or  derived  from  the  fossil 
plants,  will  require  an  extended  memoir.  I  hope  soon  to 
present  this. 

The  great  denudation  which  the  Mesozoic  beds  and  the 
enclosing  crystalline  or  Azoic  rocks  have  undergone,  the 
proneness  of  the  former  to  fall  into  a  loose  incoherent  mass, 
the  covering  of  drift  matter  and  clay  which  often  conceals  the 
outcrops,  all  unite  to  render  the  task  of  studying  the  Mesozoic 
ofVii^inia  a  very  laborious  and  difficult  one. 

It  is  due  to  Professor  Wm.  B.  Eogers  to  state  that  his  care- 
fnl  and  accurate  observations,  made  in  the  early  surveys  of 
Virginia,  have  rendered  my  work  very  much  easier  than  it 
woald  otherwise  have  been ;  much  that  I  have  observed  is 
merely  a  confirmation  of  what  he  had  already  noted.  He  has 
given  correctly  the  location,  boundaries  and  general  character 
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of  the  several  Mesozoic  areas,  but  as  the  relations  of  some  of 
these  do  not  seem  to  be  understood,  it  will  be  necessary  for  me 
to  give  here  some  of  these  features  with  explanations.  It  will 
be  understood,  as  was  shown  by  Professor  Rogers,  that  in  Vir- 
ginia the  Cretaceous,  if  it  exists,  does  not  appear  to  view,  hence 
the  term  Mesozoic  includes  only  strata  older  than  Cretaceous. 
In  Virginia  the  Jurassic  forms  the  youngest  Mesozoic,  and  is 
overlaid  by  the  Tertiary. 

The  several  Mesozoic  Belts. — The  largest  and  most  important 
Mesozoic  belt  is  that  which  enters  the  State  from  Maryland, 
west  of  Washington,  being  the  continuation  of  the  tract  so 
largely  developea  in  New  Jersey.  For  the  sake  of  distinction 
it  may  be  called  the  Neiv  Jersey  Belt  It  has  all  the  features 
seen  in  its  exposures  farther  north,  and  I  have  no  reason  to 
doubt  its  being  of  Triassic  age.  So  far  as  can  be  ascertained 
from  the  scanty  attainable  evidence,  it  is  in  part,  the  oldest  of 
the  Virginia  Mesozoic  It  extends  unbroken  to  the  Rapidan 
River  in  Orange  County,  and  has  to  the  south,  a  few  miles  dis- 
tant, a  small  outlier  now  separated  from  it  owing  to  erosion. 

A  second  narrow  belt,  a  mere  remnant  which  has  escaped  ero- 
sion, is  found  on  James  River,  in  the  northern  part  of  Buckingham 
County.  This  is  now  widely  separated  from  the  preceding 
belt,  but  possibly,  though  not  probably,  it  once  formed  a  wtft 
of  it  This  may  be  called  tne  Buckingham  Belt.  A  tnird 
narrow  belt  extends  from  the  North  Carolina  border,  near  the 
Dan  River,  in  a  northeast  direction  through  Pittsylvania  into 
Campbell  County.  It  has  a  width  of  four  to  eight  miles,  and 
a  length  of  about  thirty  miles.  Though  now  separated  by  a 
narrow  interval  from  the  Dan  River  Coal  Field  in  North 
Carolina,  it  no  doubt  was  once  connected  with  it.  This  may 
be  called  the  Pittsylvania  Belt 

A  fourth  narrow  belt  extends  northeast  from  Prince  Edward 
into  Cumberland  County.  It  contains  in  its  southern  extremity 
a  coal  bed  which  is  worked  locally,  and  is  the  only  belt  except 
the  Richmond  Coal  Field  which  contains  any  coal.  This  may 
be  called  the  Prince  Edward  Belt  All  of  these  four  belts  have 
many  features  in  common.  They  have  all  suffered  greatly 
from  erosion.  They  have  a  northwest  dip  of  varying  steep- 
ness which  extends  unreversed  across  each  belt.  It  is  quite 
possible  that  the  last  two  were  once  connected,  but  if  so,  it 
would  seem  to  have  been  by  narrow  arms  or  inlets.  Except 
in  very  rare  cases  these  belts,  and  the  enclosinff  Azoic  rocks, 
have  all  been  planed  down  to  a  uniform  level.  These  four 
belts  may  be  grouped  as  interior  belts. 

Passing  to  the  east  we  find  a  fifth  belt,  nearly  enclosed  by 
Azoic  rocks,  but  at  its  northern  end  touching  later  forma- 
tions.    This,  which  we  may  call  the  Richmond  BeUy  begins  a 
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>rt  distance  south  of  the  Appomatox  Biver  in  Amelia 
•unty,  and  extends  in  a  direction  a  little  east  of  north  to  the 
noity  of  Chesterfield  Station,  in  Caroline  County,  on  the 
chmond,  Fredericksburg  and  Potomac  Bailroad,  where  it  is 
erlapped  by  later  formations.  On  the  Chickahominy  River, 
rtbwest  of  Richmond,  this  belt  is  broken  by  an  interval  of 
Boic  rocks  three  miles  wide,  which  separates  the  northern  from 
B  aoatbern  portions.  The  southern  portion  alone  yields  coal, 
d  as  it  differs  somewhat  from  the  northern  portion,  we  may 
je  it  the  distinctive  name  of  the  Richmond  Coal  Field,  while 
e  northern  portion  lying  mainly  in  Hanover  County,  may  be 
lied  the  Hanover  area.  No  doubt  the  two  were  once  con- 
cted  by  at  least  their  latest  formed  beds.  Both  sections  of 
e  belt  have  suffered  much  from  erosion,  and  we  find  here 
ain  the  striking  feature  of  the  planing  down  of  the  yielding 
ds  of  the  Mesozoic,  to  the  same  level  with  the  most  resistant 
zoic  strata.  The  coal  field  is  separated  from  the  Tertiary  on 
e  east  by  a  belt  of  granite  and  gneissoid  granite  about  twelve 
ilea  wide.  This  belt  seems  always  to  have  formed  the  eastern 
>rderj  cutting  off  the  southern  end  of  the  coal  field  from  cora- 
unication  with  the  open  sea.  It  is  by  the  sinking  down  of 
is  granitic  border  to  the  north,  that  the  Tertiary  beds  are 
labled  in  that  quarter  to  overlap  the  Mesozoic  of  the  Hanover 
ea.  The  northern  end  of  the  coal  field  proper  sends  finger- 
je  projections  into  the  Azoic,  which  are  the  deepest  portions 
'  troughs  which  have  escaped  erosion.  Some  of  these  are 
itirely  isolated  from  the  main  field.  They  sometimes  furnish 
jry  instructive  sections,  throwing  light  upon  the  geological 
story  of  the  coal  field. 

Still  farther  east,  and  differing  in  position  from  all  the  pre- 
ding  belts,  we  find  two  others  geographically  distinct,  out 
jologically  the  same.  These  lie  east  of,  and  outside  of  the 
zoic  rocks,  and  are  really  a  shore  format! :m,  which  must  have 
ctended  to  the  open  sea,  though  the  indications  are  that  the 
>mmunication  was  very  imperfect.  Owing  to  their  apparent 
istinctness  we  must  consider  them  separately. 
The  sixth  belt,  or  the  first  of  these  border  belts,  begins  at 
etersburg  and  extends  along  the  eastern  edge  of  the  Azoic 
xsks,  in  a  direction  almost  due  north,  past  Richmond  to  near 
le  termination  of  the  Hanover  area,  which  it  overlaps  on  its 
astern  side.  In  this  quarter,  the  uppermost  beds  of  the 
[anover  area  appear  to  pass  into  the  lowest  of  the  belt  in  ques- 
on,  and  both  are  overlaid  by  the  Tertiary.  It  is  quite  possible 
lat  this  belt  if  it  could  be  traced  farther  east,  under  the  Ter- 
ary,  would  be  found  to  extend  unbroken  farther  south.  At 
ly  rate,  Professor  Rogers  states  that  a  small  patch  of  strata  of 
le  same  character  is  exposed  in  the  bed  of  the  Nottaway  River 
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in  Sussex  County,  twenty  miles  south  of  Petersburg,    In 
direction  the  Tertiary  strata  overlap  the  Azoic,  and  bury  thftj 
subjacent  formations  too  deeply  for  the  erosion  of  the  streanrj 
to  expose  them,  except  in  tne  locality  mentioned.     Profea8or< 
Bogers,  in  his  earlier  reports,  stated  that  an  area  of  Mesozoior^ 
exists  near  Hick's  Ford,  but  in  his  later  reports,  he  states  thai 
the  above-mentioned  locality  is  the  farthest  point  to  thesoutkj 
at  which  the  Mesozoic  is  found.     I  have  not  visited  this  plaoft 
South  of  the  Nottaway,  no  traces  of  the  Mesozoic  have  been  seeo. 
This  belt  may  be  called  the  Petersburg  Bell.     A  seventh  bdtj 
similar  to  the  last  is  found  nearly  in  the  prolongation  of  it  infj 
direction  due  north.     This  begins  a  little  south  of  Frederidai»j 
burg  and  continues  along  the  eastern  border  of  the  Azoic,  in 
northerly  direction.     Its  western  margin  passes  several  mil 
west  of  Alexandria.     As  it  passes  out  of  the  State  it  bends 
the  northeast,  so  as  still  to  hug  the  eastern  margin  of  the  Azoia^l 
So  far  as  I  have  traced  it,  it  extends  at  least  as  far  nordi 
Baltimore.     This  may  be  called  the  Fredericksburg  Bell,    Both: 
the  last  mentioned  belts  always  are  found  on  the  east  of  the] 
Azoic,  and  are  never  seen  invading  it     In  Virginia  they  dip! 
eastward  under  the  Eocene,  and  in  Maryland  under  the  Greifr 
The  dip  is  usually  to  some  point  in  the  southeast,  aoi 


ceous. 


is  very  gentle.  It  is  quite  probable  that  these  two  belts  ai» 
connected  farther  east,  under  the  Tertiary,  but  along  the  manui 
of  the  Azoic  they  are  separated  by  a  considerable  interval  of 
the  Tertiary,  where  this  latter  overlaps  the  Azoic  Geologicallf 
they  form  one  area,  which  is  very  distinct  from  the  Bicbmona 
belt.  It  is  the  relation  of  this  border  formation  with  the  Bich* 
mond  belt  which  is  usually  misunderstood.  As  we  shall  sefl^ 
when  we  consider  the  character  of  the  strata  contained  in  tbett 
they  differ  greatly,  and  simply  touch  in  Hanover  County, 
where  the  different  directions  of  the  several  areas  cause  thea 
to  meet  at  an  acute  angle.  The  statement  made  in  the  revised 
edition  of  Dana's  Manual  gives  the  usually  accepted  opimoD. 
This  statement  is  that  the  Bichmond  area  begins  on  tne  Po- 
tomac, and  extends  south  to  the  Appomatox  River.  1  shall 
speak  of  these  two  belts  as  the  border  belts,  and  they  are  di^ 
tmguished  as  the  Petersburg  and  Fredericksburg  belts  as  above 
stated.  My  studies  of  the  Mesozoic  in  Virginia  have  been  coo* 
fined  almost  entirely  to  the  border  belts,  and  to  portions  of  the 
Bichmond  belt,  as  these  offered  the  most  promismg  field. 

The  existence  of  all  these  belts,  except  the  border  ones,  ii 
due,  I  think,  to  the  gradual  depression  of  certain  elongated 
tracts  in  the  Azoic  which  have  approximately  the  direction  d 
the  strike  of  the  Azoic  strata.  Tne  location  of  these  depressed 
areas  is  fixed  by  the  previous  establishment  of  lines  oi  weak* 
ness,  by  the  processes  producing  the  metamorphism  of  the 
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Azoic.  The  force  producing  the  sinking  along  these  lines 
was  plainly  a  lateral  thrust,  which  at  least  in  the  case  of  the 
Richmond  belt,  acted  from  east  to  west.  The  sinking  seems 
to  have  commenced  at  or  near  the  close  of  the  Permian  period, 
and  to  have  continued  till  toward  the  close  of  the  Jurassic. 
The  depression  was  accompanied  by,  in  many  cases,  extremely 
rapid  sedimentation,  and  toward  its  end,  produced  a  rupturing 
of  the  crust  and  an  outpour  of  fused  rock. 

Wherever  I  have  had  an  opportunity  to  examine  carefully 
the  Azoic  rocks  bordering  the  Mesozoic  belts,  I  find  them  pen- 
etrated by  dykes  of  true  igneous  matter,  such  as  felsite,  granite, 
diabase,  etc,  which  are  much  older  than  the  Mesozoic  beds. 
These  dykes  run  parallel  with  the  Mesozoic  belts,  and  are  con- 
fined to  their  vicmity.  Their  presence  indicates  that  in  the 
general  metamorphism  of  the  country,  fracturing  of  the  crust 
took  place,  and  the  metamorphic  action  was  excessive  along 
certain  lines.  There  is  no  doubt  in  my  mind  that  this  previous 
weakening  of  the  crust  in  definite  belts,  has  much  to  do  with 
the  subsequent  emission  of  the  Mesozoic  trap  rocks  in  such  well 
defined  areas  as  we  find  to  exist.  I  find  also  here  a  good 
example  of  the  application  of  Yon  Bichtboven's  conclusions 
concerning  the  order  of  precedence,  and  the  association  of  igne- 
ous rocks. 

Topography. — The  topography  of  the  Azoic,  and  the  included 
Mesozoic  areas,  is  very  significant,  and  may  be  studied  to  great 
advantage  in  Virginia.  What  I  shall  say  under  this  head  is 
more  particularly  applicable  to  the  district  which  is  limited  on 
the  north  by  the  rotomac,  on  the  south  by  the  Appomatox, 
on  the  east  by  the  Tertiary,  and  on  the  west  by  the  Catoctin 
range  of  mountains.  I  apply  this,  the  Maryland  name,  to  that 
more  or  less  connected  range  which  penetrates  far  into  Virginia, 
under  many  diflferent  local  appellations.  It  runs  about  fifteen 
miles  east  of,  and  nearly  parallel  to,  the  Blue  Ridge. 

The  first  thing  that  striKes  the  observer  in  this  district  is  the 
very  gently  undulating  character  of  the  surface,  which  is  so 
marked  as  to  arrest  the  attention  of  the  non-scientific,  and  to 
induce  speculation  as  to  the  causes  producing  it  The  country 
from  the  Catoctin  eastward  to  the  Tertiary,  is  a  gently  undulat- 
ing plain,  descending  from  about  500  feet  in  elevation  to  the 
level  of  tide.  Unlike  the  country  near  the  Blue  Ridge,  and 
farther  west,  the  topography  is  almost  uninfluenced  by  the 
structure  and  composition  of  the  underlying  rocks.  In  the  area 
in  question  we  have  strata  showing  all  gradations  of  hardness, 
with  all  degrees  of  proneness  to  decomposition,  and  dipping  at 
various  angles,  often  steeply,  yet  all  are  planed  down  to  a  uni- 
form level.  The  streams,  except  the  smallest  creeks,  cross  the 
strike  of  the  strata  nearly  at  right  angles,  and  are  hardly  at  all 
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guidcxl  or  controlled  in  their  courses  by  variations  in  the  rocks 
across  which  they  flow.  They  seem  to  be  steadily  deepening 
their  channels,  which  work  they  have  continued  to  perform,  as 
it  would  seem,  without  noteworthy  pause  since  their  coarses 
were  first  marked  out. 

The  absence  of  any  considerable  inequality  on  the  surface  is 
well  shown  along  the  line  of  the  Chesapciike  and  Ohio  railroad, 
which  runs  between  Richmond  and  Goruonsville,  for  fifly  mileri^ 
directly  across  the  strike  of  the  various  strata.  In  the  area  now 
in  question  the  grades  of  the  road  are  gentle,  yet  it  turns  aside 
for  no  hill,  and  has  only  one  or  two  cuts  which  reach  the  depth 
of  fifteen  feet  Between  the  rivers,  the  country  roads  running 
east  and  west,  pass  over  an  almost  uniformly  level  surface,  <3 
greater  or  less  width,  according  to  the  distance  apart  of  the 
principal  streams.  Tliey  are  often  almost  devoid  of  water,  as 
the  smaller  creeks  rise  in  these  levels,  and  flow  north  and  south 
into  the  principal  streams.  There  are  many  evidences  showing 
that  the  level  areas  between  the  main  streams  are  remnants  a 
the  original  plane  to  which  the  country  was  cut  down,  and  that 
the  topography  is  entirely  due  to  the  action  of  the  present  sys- 
tem or  streams  in  cutting  down  from  this  initial  plane.  Thus 
^e  find  in  the  hill  tops,  and  over  the  broader  levels,  certain 
clays  and  cobbles  which  occupy  the  same  horizon  always,  and 
serve  to  fix  the  plane  of  this  old  surface.  While  peculiarities 
of  erosion  are  sliown  in  the  character  of  some  of  the  strata  of 
the  older  Mesozoic  belts,  yet  the  principal  denudation,  and  the 
tnost  abnormal  action,  appear  in  tne  formation,  and  at  the  close 
of  the  deposit  of  the  latest  formed  beds. 

The  condition  of  the  surface  of  the  Azoic  rocks  is  also  in- 
structive. Those  which  admit  of  the  formation  and  retention 
of  smoothed  and  rounded  forms,  usually  present  such  appea^ 
ances.  This  is  notably  true  of  the  granites  and  gneisses  in  the 
vicinity  of  Richmond. 

The  depth  to  which  decay  has  penetrated  here  is  far  less  than 
.  ^jjg  southern  and  southwestern  parts  of  the  State.  In  the  lat- 
ter we  fiJ^d  strata  not  specially  prone  to  decay,  often  decomposed, 
nd  changed  to  a  loose  earth,  for  fifty  and  even  one  hundred 
leet  This  loose  matter  is  suggestive  of  the  way  in  which  some 
if  the  later  formed  Mesozoic  beds  may  have  obtained  their 
materialy  and  its  peculiar  arrangement     This  will  be  noticed 

In  tbe  area  of  the  Azoic  with  which  we  are  now  conceroed 
imwever,  the  case  is  diflerent.     We  rarely  find  the  rocks  decayed 

iBinttch  as  twenty  feet  in  depth.  Very  often  the  surface 
jLfliieBt  on  sound  rock,  or  on  that  which  is  decomposed  but 

fa«  leat  below  the  surface.  Again  this  decay  has  in  nearly  all 
*^*>tei  place  since  the  erosion  above  mentioned.     We  often 
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find,  resting  on  such  decayed  surfaces,  large  stones  and  gravel 
deposited  at  this  period  of  general  erosion,  which  shows  that 
the  decay  could  not  have  existed  when  these  stones  were 
depositea.  All  the  facts  point  to  the  conclusion  that  in 
this  northern  Azoic  belt,  the  a^ent  which  produced  such 
extensive  general  denudation  found,  it  is  true,  the  Azoic  deeply 
decomposed,  and  having  its  surface  in  the  condition  now  found 
in  the  southern  and  southwestern  part  of  the  State,  but  it  swept 
off  all  this  loose  granitic  matter,  and  even  reached  the  sound 
rock  in  many  places.  We  may  now  turn  to  the  consideration 
of  some  of  the  special  features  shown  in  the  different  belts. 

The  New  Jersey  Belt — Of  this  I  shall  have  little  to  say,  except 
to  call  attention  to  certain  remarkable  deposits  of  stones  on  its 
western  margin.  The  deposits  of  similar  matter  in  the  north- 
em  exposures  of  this  belt  are  called  conglomerates,  and  some- 
times breccias.  For  the  beds  in  Virginia  these  terms  are  inad- 
equate. They  are  rather  beds  of  bowlders.  The  northwest  dip 
01  the  Mesozoic  beds  with  which  they  are  associated,  and  their 
position  on  the  western  side  of  the  belt,  show  that  if  these  de- 
posits are  contemporaneous  with  the  other  Mesozoic  strata,  they 
are  the  last  formed.  But  in  some  cases  at  least  it  is  not  clear 
that  the  period  of  their  deposition  followed  immediately  that  of 
the  typical  Mesozoic  beds.  These  stones  are  found  in  uncon- 
nected deposits  on  the  western  edge  of  all  the  interior  belts. 
In  all  these  locations  we  find  essentially  the  same  features,  the 
close  agreement  of  which  indicates  that  they  are  of  the  same 
or  nearly  the  same  aga  In  character  these  beds  of  stone  differ 
much  from  the  normal  Mesozoic  strata  with  which  they  are 
associated.  These  latter  consist  of  sandstones  and  shales,  well 
sorted  and  bedded  by  water  action,  and  with  their  mineral  con- 
stituents too  much  aecomposed  to  betray,  except  in  rare  cases, 
the  parent  rocks.  The  case  is  different  with  the  stones  in  ques- 
tion. Thej  are  of  such  large  size,  and  the  material  is  so  fresh, 
that  there  is  no  difi&culty  in  determining  the  precise  character 
of  the  rock  from  which  they  were  derived.  Indeed  the  material 
is  often  as  sound  as  if  it  had  been  taken  from  a  quarry  freshly 
opened.  The  material  in  nearly  every  case  comes  from  rock 
found  in  place  at  a  greater  or  less  distance  to  the  west  This 
distance  is  often  many  miles.  The  stones  are  usually  imper- 
fectly rounded,  or  subangular.  They  are  packed  in  a  fine,  more 
or  less  argillaceous  matrix,  derived  either  from  the  erosion  of 
the  normal  Mesozoic  beds  with  which  they  are  associated,  or 
from  comminution  of  their  own  substance.  These  deposits  are 
often  siiarply  distinct  from  the  associated  normal  Mesozoic  beds, 
and  appear  as  if  deposited  in  depressions  in  them  excavated  by 
erosion.  But  again  they  appear  sometimes  alternating  with 
shales,  and  thus  to  form  strata  contemporaneous  with  the  nor- 
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mal  ones.     The  most  common  matrix  enclosing  the  stones  is 
red  shale. 

The  most  important,  and  by  far  the  longest  uninterrupted  bed 
of  stones,  is  that  known  under  the  name  of  the  '*  Potomac  Mar 
ble,*'  or  the  "Limestone  Breccia."  This  enters  the  State  neir 
Point  of  Rocks,  Maryland.  At  Point  of  Rocks  it  is  well  ex- 
posed by  the  cuttings  for  the  Metropolitan  Branch  of  the  Balti- 
more and  Ohio  Railroad.  I  examined  the  deposit  at  this  place 
carefully  to  determine  the  character  and  origin  of  the  stone& 
The  stones  here  are  all  limestone.  After  long  and  careful  search 
I  found  only  one  fragment  not  limestone.  This  was  a  slab  about 
eighteen  inches  wide  and  four  inches  thick,  of  apparently  Pott- 
dam  sandstone.  In  this  vicinity  the  Azoic  rocks  are  mid 
slates.  Azoic  limestone  occurs  some  distance  to  the  northeast^ 
and  may  have  furnished  an  impure  pinkish  limestone,  which 
ranks  third  in  the  abundance  and  size  of  the  fragments  it  has 
afforded.  These  are  rarely  over  six  inches  in  diameter  and 
usually  are  under  this  size.  The  most  abundant  stones  come 
from  the  dark  bluish  limestones  of  the  Lower  Silurian,  which 
are  not  found  south  of  Pennsylvania.  This  limestone  gives 
fragments  sometimes  two  feet,  and  often  twelve  or  eighteen 
inches  in  diameter.  A  white  marble  which  is  highly  siliceooa^ 
and  shows  on  weathered  surfaces  a  sandy  character,  is  the  sec- 
ond in  abundance  and  in  the  size  of  the  fragments,  which  are 
sometimes  a  foot  in  diameter.  These  stones  are  when  laige^ 
subangular,  when  small,  partially  rounded.  They  are  cemented 
by  a  fine  grained  red  shale,  apparently  eroded  from  the  adjoin- 
ing normal  Mesozoic  red  beds.  This  is  rendered  highly  calca- 
reous by  an  intimate  mixture  of  it  with  finely  comminuted 
limestone.  The  stones  are  firmly  cemented  by  this,  and  the 
whole  lies  in  massive  ledges  having  apparently  a  northwest  difx 
This  may  however  be  only  a  false  bedding.  This  formation, 
here  about  half  a  mile  wide,  extends  far  into  Virginia,  with  a 
prctlominance  of  limestone  fragments.  Professor  Rogers  has 
*hown  that  it  extends  unbroken  as  far  as  Warrenton,  with  a 
constantly  diminishing  amount  of  limestone.  As  this  limestone 
must  have  come  from  Maryland  and  Pennsylvania,  we  see  that 
mime  of  the  stones  must  have  traveled  long  distances,  viz :  forty 
or  fifty  miles.  The  predominance  of  limestone  is  marked  for 
^cime  distance  south  of  Leesburg. 

A  second  deposit,  not  connected  with  the  last,  is  well  shown 
mar  Culpepper  Court  House,  where  I  made  a  careful  examina- 
MQ  of  it  This  does  not  show  any  stratification,  or  limestone 
Influents,  but  consists  of  a  mass  of  partly  rounded  and  sub- 
LJg^lgr  stones,  usually  perfectly  sound,  and  all  packed  inafine- 
2iBed  red  sliale,  wliicli  binds  the  whole  into  an  exceedingly 
^Ltnd  durable  rock.     The  stones  are  composed  of  the  cha^ 
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acteristic  rocks  of  the  Blue  Ridge,  some  twenty  or  twenty-five 
miles  to  the  west,  and  northwest  They  are  commonly  com- 
posed of  a  tough  epidotic  schist,  subangular  blocks  of  which, 
two  feet  by  eighteen  inches,  and  two  feet  by  two  and  one-half, 
sometimes  occur.  The  most  abundant  material  is  a  compact 
chloritic  schist  which  yields  subangular  stones  two  feet  in 
diameter.  By  far  the  most  common  size,  however,  of  all  the 
stones,^  is  from  six  to  eight  inches.  Rocks  yielding  this  mate- 
rial may  be  found  nearer  than  the  Blue  Ridge,  though  none 
were  seen  in  the  immediate  vicinity.  Similar  deposits  are 
found  at  various  other  points  on  the  west  side  of  this,  and  the 
other  interior  belts.  1  will  mention  only  one  more,  for  the 
sake  of  illustration,  and  this  occurs  in  the — 

Pittsylvania  Belt — This  deposit  is  remarkable  for  the  great 
size  and  soundness  of  the  stones,  and  for. the  complete  con- 
trast that  it  presents  with  the  normal  Mesozoic  strata  with 
which  it  is  associated.  These  latter  are  here  fine-grained  red 
shales,  dipping  pretty  steeply  northwest.  On  the  western  edge 
of  these,  and  apparently  lying  in  a  trough  excavated  by  ero- 
sion in  them,  we  find  on  George's  Creek  the  bed  in  question. 
This  was  mentioned  by  Professor  Rogers,  on  account  of  the 
large  size  of  the  stones.  I  made  a  careful  examination  of  it. 
The  most  abundant  and  largest  stones  are  composed  of  a  coarse 
grained  gneiss,  which  occurs  in  masses,  sometimes  hardly  at  all 
abraded,  and  up  to  four  and  five  feet  in  diameter.  Very  com- 
monly they  are  two  and  three  feet  in  diameter.  A  fine-grained 
granite  yields  masses  three  and  four  feet  in  diameter,  which 
show  more  abrasion.  These  occur  with  other  material,  all  en- 
closed in  a  matrix  composed  of  red  shale,  eroded  from  the  nor- 
mal Mesozoic,  mingled  with  comminuted  material  similar  to  the 
large  stones.  All  the  large  stones  are  remarkably  fresh,  and 
the  whole  mass  is  totally  unlike  anything  seen  elsewhere  in 
this  belt.  The  parent  rocks  yielding  the  stones  may  exist  in 
the  vicinity,  though  none  exactly  similar  were  seen  in  place. 
The  normal  strata  of  this  belt  may  be  divided  into  two  series. 
The  lower  one  contains  predominant  red  and  variegated  shales, 
and  red  or  brown  sandstones.  The  sandstones  often  contain 
numerous,  more  or  less  angular,  particles  up  to  an  inch  or 
two  in  diameter,  of  the  adjoining  Azoic  rocks,  and  commonly 
give  evidence  of  rapid  erosion  and  deposition.  There  is 
one  very  remarkable  sandstone  near  the  top  of  this  series, 
which  is  composed  almost  entirely  of  feldspar.  It  consists  of 
numerous  partly  rounded  and  slightly  decayed  particles  of 
feldspar,  with  many  perfectly  fresh  fragments  of  the  same, 
showing  brilliant  cleavage  faces.  These  are  cemented  by  a 
felsitic  paste  into  a  firm  rock,  which  can  only  by  close  inspec- 
tion be  distinguished  from*  granite.     It  is  difficult  to  see  how 
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such  a  rock  could  have  been  formed  out  of  any  of  the  Azoic 
rocks  in  the  vicinity,  for  these  contain  a  good  deal  of  quartz, 
even  when  richest  in  feldspar,  and  this  sandstone  contains  very 
little. 

The  upper  series  contains  a  predominance  of  reddish  and 
dark  bituminous  shales  and  gray  grits.  Only  faint  traces  of  coal 
exist,  in  the  form  of  thin  films.  No  plant  impressions  were 
seen  but  some  silicified  wood  occurs.  The  dip  is  northwest 
over  the  whole  belt,  varying  from  thirty  to  forty  degrees.  *  This 
constant  high  dip  indicates  a  thickness  for  the  formation  which 
is  not  justified  by  the  other  indications.  In  the  description  <rf 
the  Bichmond  coal  field  I  will  state  what  I  think  is  the  explana- 
tion of  this  apparent  anomaly. 

Deposits  of  bowlders  similar  to  those  above  described  i 
appear,  according  to  the  statements  of  Emmons  and  Kerr,  to  ; 
be  found  associated  with  the  Mesozoic  of  North  Carolina,  j 
Emmons  mentions  beds  of  large  stones  as  found  on  the  west  j 
side  of  the  Dan  River  coal  field.  There  the  normal  strata  dip 
northwest.  Kerr  mentions  similar  beds  as  occurring  on  the 
east  side  of  the  Deep  River  coal  field,  where  the  normal  strata 
dip  southeast  lie  nowever  thinks  that  these  stones  come  from 
the  Azoic  on  the  east,  and  attributes  their  transport  to  a  pre- 
Triassic  glaciation.  I  do  not  understand  on  what  grounds 
Pn)fessor  Kerr  thinks  that  these  beds  are  pre-Triassic,  as  he 
does  not  indicate  any  change  of  dip  in  the  associated  normal 
beds.  This  southeast  dip  and  the  position  of  the  beds,  would 
indicate  that  they  are,  as  in  Virginia,  post-Triassic.  Professor 
Emmons  mentions  that  the  Egypt  shaft  after  passing  through 
twenty-eight  feet  of  soil  (?)  penetrated  two  feet  of  large  stones, 
resting  on  the  coal  shales.  This  may  be  the  same  deposit  with 
that  of  Professor  Kerr.  It  does  not  seem  possible  that  water 
action  alone  could  have  deposited  these  stones  in  their  present 
position.  For  if  we  could  conceive  of  a  torrent  of  such  power 
as  to  be  able  to  transj)ort  these  masses,  and  which  would  at  the 
same  time  not  remove  the  fine  matrix  in  which  they  are  imbed- 
ded, we  should  still  be  unable  to  understand  how  water  could 
reach  and  remove  material  which  had  never  been  exposed,  as 
surface  rock,  to  the  decomposing  action  of  atmospheric  agenciea 

I  will  pass  over  the  Buckingham  Belt  and  the  Prince  Edward 
Belt,  as  I  had  no  opportunity  to  study  them,  and  will  consider 
next  the — 

Richmond  Goal  Field — This  portion  of  the  Richmond  Belt> 
which,  as  previously  defined,  lies  south  of  the  Chickahomioj 
River,  is  the  only  Mesozoic  area  in  Virginia  which  shows  the 
structure  of  a  basin.  The  strata  may  be  divided  into  two 
series,  which  show,  as  a  whole,  very  marked  differences,  bat 
between  which  no  distinct  line  of  separation  can  be  traced. 
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le  lower  series,  from  three  hundred  to  five  hundred  feet 
c,  rests  immediately  on  the  granitoid  gneiss,  which  forms 
loor  of  the  basin.  It  contains  all  the  coal  found  in  the 
The  number  of  coal  beds  is  variable,  but  the  most 
>rtant  are  usually  two  or  three  in  number,  all  contained 
in  the  space  of  about  one  hundred  feet,  and  the  lowest 
5  near  the  floor.  In  placing  this  coal-bearing  portion  next 
le  granite,  I  follow  Rogers  and  Lyell,  as  their  observations, 
:h  were  more  extensive  than  mv  own,  show  that  the  inter- 
between  the  lowest  coal  beds  and  the  granite  is  quit^ 
ible.  The  associated  strata  are  usually  flaggy  sand- 
es,  and  more  or  less  indurated  shales,  the  material  of  all 
g  so  thoroughly  sorted  by  water  action  and  so  completely 
iged  that  the  parent  rock  cannot  be  recognized.     The  beds 

proof  of  a  good  deal  of  disturbance  in  the  presence  of 
3kensides,*'  contortion,  crushing  and  induration.  Faults 
tt  both  this  and  the  upper  series,  and  suddenly  collapsed 
3linals  of  small  .width  occur,  so  that  the  dip  is  quite  variable. 
a  rule  the  dip  on  the  eastern  side  is  westward  and  on  the 
em  side  eastward,  being  steeper  on  the  latter  side,  and  the 
^  sometimes  attain  here  a  perpendicular  position, 
he  upper  series  is  perhaps  not  more  than  fifteen  hundred  feet 
k,  and  differs  in  many  points  from  the  lower.  The  strata  are 
ily  sandstones,  sometimes  coarse  and  conglomeratic,  and  as 
ers  has  shown,  possessing  the  peculiar  composition  of  a 
ture  of  feldspar,  quartz  and  mica,  unsorted,  and  but  little 
)mposed.  They  form  a  sort  of  granitic  grit,  which  causes  the 
:  to  resemble  granite.  Subordinate  beds  of  shale  exist. 
J  series  shows  less  disturbance  than  the  lower.  The  dip  is 
e  gentle,  the  beds  are  but  little  consolidated,  or  affected  by 
hing  and  rubbing.  It  contains  no  coal,  and  none  except 
:ed,  poorly  preserved  plants.  The  entire  upper  series  shows 
ks  of  having  been  deposited  in  a  rapidly  sinking  area,  into 
2h  was  poured  an  abundance  of  coarse  matter,  obtained  by 
rapid  erosion  of  the  surrounding  granitoid  rocks. 
.  is  clear  that  much  of  the  disturbance  shown  by  the  lower 
5  occurred  during  this  sinking,  which  has  also  affected  them 
1  steeper  dips  than  are  found  in  the  upper  series.  The 
er  beds  were  evidently  deposited  slowly,  on  a  pretty  stable 
I,  which  remained  at  the  same  level  long  enough  for  the 
>ortant  coal  beds  now  found  to  be  formed.  The  subsequent 
cing  seems  to  have  been  too  rapid  to  permit  the  growth  of 
icient  vegetation  to  produce  coal.  Both  series  are  pene- 
«d  by  dykes  of  igneous  rock.     The  rolls  in  the  strata  and 

faults  affect  the  structure  of  the  field  to  such  an  extent 
t  it  is  diflBcult  to  determine  its  depth,  and  determinations 
a  shafts  and  borings  cannot  be  relied  upon  absolutely.      To 
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illustrate  this,  I  may  mention  two  cnses.  Ljell  states  that  the 
Midlothian  (old)  shaft  was  sunk  within  the  field  to  the  west  of 
the  previous  workings,  and  entered  the  coal  three  hundred  feet 
higher  than  was  expected  from  the  dip,  thus  giving  an  upthrow 
of  this  amount  This  is  on  the  east  side  of  the  field.  On  the 
west  side  at  the  Dover  Mines,  the  company  owning  the  works 
attempted  to  develop  a  new  portion  of  the  field  by  sinking  a 
shaft  a  few  hundred  yards  to  the  east  of  their  old  workings. 
They  penetrated  the  entire  series  of  strata,  and  found  nothing 
workable. 

My  examination  of  some  of  the  finger-like  remnants  of  the 
Mesozoic,  now  found  at  the  northern  end  of  this  field,  thrust 
out  in  the  Azoic,  put  me  in  possession  of  what  I  think  is  the 
explanation  of  the  peculiarities  of  the  structure  of  this  field, 
ana  of  the  interior  belts.  The  history  of  these  areas,  briefly 
stated,  seems  to  be  as  follows : — 

The  strata  were  laid  down  in  depressions,  which,  originally 
shallow,  were  subsequently  deepened  by  a  more  or  less  rapia 
subsidence.  The  subsidence  was  due,  as  previously  stated,  to 
the  operation  of  a  lateral  thrust  It  continued  until  faults  and 
overturned  anticlinals  were  produced.  In  the  interior  belts 
these  operated  to  produce  a  constant  northwest  dip.  This 
resulted  from  the  fact  that  the  western  sides  of  the  severed  earth 
prisms  dropped,  producing  sometimes  by  a  roll  of  the  prisms 
an  upthrow  of  the  eastern  side.  This  appears  to  occur  in  sorae 
of  the  faults  of  the  Richmond  coal  held  also.  When  the 
strain  did  not  result  in  producing  rupture  and  faulting,  it 
caused  the  development  of  an  anticlinal,  affecting  but  a  nar- 
row belt,  which  was  overturned  to  the  eastward,  thus  produc- 
ing also  a  continuous  northwest  dip.  Where  the  strata  have 
suffered  enormously  from  erosion,  and  where  almost  precisely 
similar  beds  are  formed  by  the  similar  conditions  of  deposition 
found  repeated  at  different  horizons,  as  is  often  the  case  in  the 
interior  belts,  it  is  almost  impossible  to  detect  reduplications  bv 
faulting  and  folding.  When  the  period  of  faulting  was  reached, 
eruptions  of  trap  took  place.  It  will  thus  be  seen  that  the  con- 
tinuous dips  would  by  no  means  give  a  true  indication  of  the 
thickness  of  the  series. 

In  the  Richmond  coal  field  the  faults  and  narrow  overturned 
folds  are  not  of  sufficient  magnitude  to  produce,  as  in  the 
interior  belts,  continuous  dips,  but  suffice  only  to  render  very 
variable  and  uncertain  the  dip  and  position  of  the  strata 
toward  the  center  of  the  field.  The  general  result  seems  to 
have  been  to  flatten  the  dip  here,  and  to  steepen  it  on  the 
western  side.  Some  of  the  twists  in  the  strata,  produced  bv 
the  overturned  anticlinals,  are  of  extremely  limited  extent  I 
have  seen  them  only  a  few  feet  wide. 
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The  direction,  in  which  the  lateral  thrust  operated  in  this 
ield,  was  from  east  to  west,  and  it  seems  not  yet  to  be 
exhausted,  for  this  region  is  often  affected  by  minor  earth- 
quakes, and  at  intervals  of  ten  or  fifteen  years,  by  very  pow- 
srful  ones,  the  last  occurring  a  few  years  ago.  The  shocks 
[)ass  from  east  to  west  It  is  probable  that  the  gradual  depress- 
$ioD  of  the  coast  is  connected  with  this  westward  thrust. 

Fossil  Plants. — So  far  as  known  to  me,  the  only  plants  from 
this  field  which  have  been  published  and  describea,  are  those 
made  known  by  Rogers  and  Bunbury.  Both  of  these  authors 
considered  the  plants  to  be  of  the  age  of  the  lower  Oolite  of 
England.  Most  geologists,  however,  seem  to  agree  in  consid- 
ering the  beds  yielding  the  plants,  to  be  of  the  age  of  the 
Ceuper,  or  Up}:>er  Trias.  It  must  be  borne  in  mind  that  only 
the  lower,  or  coal-bearing  portion,  has  yielded  these  plants. 

Among  European  authors,  Heer  and  Schimper  are  the  only 
3nes  who,  so  far  as  I  know,  express  an  opinion  concerning  the 
ige  of  the  beds,  based  on  an  examination  of  the  plants.  I  have 
not  seen  Heer's  remarks,  and  hence  do  not  know  on  what 
grounds  he  concludes  that  the  plants  are  Triassic.  Schimper, 
>n  page  277,  vol.  i,  of  his  Pal.  Veg.,  founds  his  belief  in  the 
Triassic  age  of  the  beds  yielding  the  plants,  both  on  the  ani- 
nal  and  plant  life.     I  will  consider  only  the  latter. 

He  says,  in  speaking  of  the  characteristic  Equisetum  of  this 
leld,  which  he  calls  Equisetum  Rogei'sii^  that  it  is  nearer  to  E. 
irenaceum,  the  characteristic  Equisetum  of  the  Trias,  than  to  E. 
olumnare^  the  plant  of  the  Lower  Oolite  with  which  Rogers  and 
Sunbury  thought  it  to  be  identical.  He,  however,  only  saw  a 
iast  of  the  interior  of  the  Richmond  plant  He  says,  farther, 
-hat  this  coal  field  has  Pterophylla  and  Ferns,  which  have  most 
iffinity  with  the  characteristic  species  of  the  Keuper.  It  does 
30t  appear  from  what  source  he  derived  this  impression. 

He  is  mistaken   both  concerning  the  Equisetum,  and  the 
other  plants  from  this  field.     This  Equisetum  is  next  to  Macro- 
UBniopteris  graridifoliay  the  most  abundant  and  widely  diflFused 
plant  of  the  field.     I  have  beautifully  preserved  specimens,  on 
a  fine-grained  shale,  which  shows  with  the  utmost  nicety  the 
minutest  details  of  the  exterior  of  the  plant     It  is  certainly  so 
close  to  Equisetum  columnare  that,  if  separated,  it  can  only  be 
naade,  at  most,  a  variety.     The  most  abundant,  widely  diffused 
and  characteristic  plant,  is  Macroiceniopteris  grandifolia^  described 
l^y  Rogers  as  Tceniopteris  grandifoiia.     It  is  a  curious  illustra- 
tion of  the  confusion  existing  in  the  minds  of  European  writers 
concerning  this  coal  field,  to  find  that  Schimper,  in  speaking  of 
tbis  plant,  refers  it  to  the  Oolitic  beds  of  the  Richmond  coal 
field,  while  he  refers  its  constant  companion,   the  Equiestum 
above  mentioned,  to  the  Keuper  of  the  Richmond  field.     The 
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fact  is,  that  when  both  of  these  plants  occur  at  a  locality,  they 
arc  so  closely  associated  that  thev  are  confined  to  the  same 
hiyer,  from  which  they  seem  to  exclude  nearly  all  other  species. 
S<jhiin|>cr  also  refers  to  the  Oolite  of  the  Bichmond  coal  field, 
another  j)lant  often  found  associated  with  these  two,  viz:  Neu- 
ropteris  linncei/olia  Bunb. 

The  Macroioeinopteris  is  allied  more  closely  to  the  Oolitic 
Mitcroiaeniopteriils  of  England  and  India,  than  to  any  older 
pluntH.  The  nearest  to  it,  among  older  plant**,  is  the  I'cenv^ 
(vris  (fi(/a7itea  Schenk,  of  the  Khffitic.  Nothing  like  it  exists  in 
thti  Trias.  The  Pterophj/Ua  of  the  Richmond  beds  belong  to 
till?  Uhuitic  type,  illustrated  by  Pterophyllum  Bruuniamim, 
which  type  Schimper  separates  under  the  name  of  Ctenophyl 
turn,  Them  plants  are  very  different  from  the  Keuper  type  of 
tiMm  IHfrophylta,  as  shown  in  P.  Jdgeri and  P,  longifolium.  The 
pliiiit  which  stands  third  in  distribution  and  abundance,  is  one 
which  I  cannot  distinguish  from  Pttrophylluni  Braunianum^ 
which  is  a  characteristic  Rhaetic  plant,  as  given  by  Schenk. 

Tho  Kerns  are  either  similar  to  Rhaetic  forms,  or  have  an 
nUlnity  with  still  later  ones.  I  have  fine  specimens  of  a  splen- 
did l^*rn,  which  is  allied  to  Cyclopteris  pachyrachis  Goepp^, 
lIuMigh  it  is  a  smaller  plant,  and  is  a  new  species.  From  its 
association  with  Neuropteris  b'nricei/'olia  Bunb.,  and  the  resem- 
hianro  of  the  two,  I  think  that  it  is  the  male  form  of  Bunbury's 
plant.  Thev  are  both  allied  to  AcrostichiUs  Gceppertf'anus  Schenk, 
wlurh  in  a  llhietic  plant.  I  have  also  specimens  of  a  fine  Fern, 
oK^soIy  ailiiHl  to,  if  not  identical  with,  Asplenites  Rosserti  Schenk, 
\\\\\A\  is  a  chanicteristic  plant  of  the  Rhaetic.  Others  might  be 
luoutitMHHl,  which  show  either  Rhaetic  or  Liassic,  and  even  Oolitic 
HtUuilicM.     I  Inive  not  seen  in  this  fleld  a  single  Triassic  plant 

\\\  llio  iH>viscd  edition  of  Dana's  Manual,  Pecopteris  {Lepidop- 
x*ic^\  sStutOfaitfiim  Brongt.,  is  given  as  occurring  in  this  field. 
■HnH  malomcnt  is  j)robably  based  on  the  identification  by  Heer, 
J  iKi.^  plunt  with  Bunbury's  Pecopteris  hullaUi.  I  have  seen 
Hv^huiki  liko  l^tcopteris  Stuttyartensis  in  this  field,  but  I  have  a 
!  uu»lvf  <^^  ^'"^-  f^P^^^-'i"^^"^  ^^^  ^  \aTgQ  Fern,  which  I  take  to  be 
K-  '>biu*>*5*   '*   Imllata,     If  they  are  not,  then  I  have  not  seen 

*  i*U«U  tl»ouglj  T  have  collected  from  the  localities  yielding 

*  Vl^-  ^Hviinons  show  more  of  the  character  of  the  plant  than 
iLn^ttrv^.  wl»»^*l^»  "^  ^^  known,  were  very  imperfect  It  is 
^TVs:  '  ^^1  iWiipten's  StuWjartemis.  I  have  devoted  more 
*^*^*  ilw*^  ttiolmiond  plants  than  I  would  otherwise  have 


^      ^^  ^  ll^jji  flora  is  the  oldest*  of  the  Mesozoic  of  Vir- 
**^^^^^^'l^  a  point  of  comparison  for  the  plants  found 

^  ^  ^  -j^im  tliat  the  beds  containiDg  this  flora  are  the  oldest  of 
^'^IJJ'V  Yintinic^  T^®  lowest  strata  of  the  interior  belts  have 
^'■■■^  *  tit  alii  I  ^"^^i^i  Triassic.    This  is  the  oldest  flora  "-* 
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in  the  other  belts.  These  plants  all  come  from  the  lower  series. 
As  the  result  of  my  preliminary  study  of  them,  I  conclude  that 
the  lower  series  is  certainly  not  older  than  RhsBtic,  and  if  it  be 
not  Rhffitic,  then  it  is  younger.  Some  may  question  the  sepa- 
ration of  the  RhsBtic  from  the  Triassic.  Whatever  may  be  the 
evidence  of  the  animal  life  of  these  two  formations,  the  plants 
are  different,  and  the  Rhsetic  flora  is  rather  to  be  reckoned  with 
the  Liassic  than  the  Triassic  flora.  Schimper,  Heer  and  Schenk, 
all  show  that  the  Rhsetic  flora  contains  no  Triassic  species. 

[To  be  oontmued] 


Art.  IU. — Discoveries  of  the  United  States  Fish  Commission  : 
Notices  of  fifty  species  of  east-coast  Fishes,  many  of  which  are 
new  to  the  fauna;  by  G.  Brown  Goode  and  Tarleton  H. 
Beak. 

The  object  of  the  present  paper  is  to  give  a  brief  summary 
of  the  coast  investigations  of  the  United  States  Fish  Commis- 
sion (Professor  S.  F.  Baird,  Commissioner)  since  the  publica- 
tion of  a  similar  paper  in  this  Journal  for  December,  1877,  pp. 
470-478.  Certain  species  which  should  be  mentioned  here 
have  not  yet  been  identified ;  these  will  be  reserved  for  a  future 
paper.  Full  descriptions  of  species  and  discussions  of  ques- 
tions hinted  at  in  these  notices  have  appeared  or  will  appear  in 
the  Proceedings  of  the  United  States  National  Museum. 

1.  ChUomycterus  frdigino^us  (DeKay)  Gill. 

This  species  had  been  dropped  by  common  consent  from  the 
faunal  list;  but  after  careful  study  of  a  specimen  seined  on 
Watch  Hill  beach,  Rhode  Island,  September  12,  1874,  we  feel 
compelled  to  restore  it. 

2.  Hippocampus  antiquorum  Leach. 

Taken  with  a  school  of  mackerel  on  George's  Bank,  August, 
1873. — An  addition  to  the  fauna  of  the  Western  Atlantic. 

3.  Glyptocephaius  cynoglossus  (Linne)  Gill 

The  craig  flounder  abounds  in  deep  water  off  the  coast  from 
Cape  Ann  to  Halifax,  occurring  at  a  depth  of  thirty -five 
fathoms  in  Ipswich  Bay,  Massachusetts,  and  in  Bedford  Basin, 
Halifax  Harbor,  and  seaward  to  a  depth  of  111  fathoms.  Care- 
ful study  of  a  large  series  of  specimens  has  enabled  us  to  unite 
with  this  species  Olyptocephalus  acadianus  Gill  and  Plexvronectes 
^longatus  i  arrell. 

4.  Hippoglossoides  limandoides  (Bloch)  Gtlnther. 

Hippoglossoides  dentatus  (Storer)  Giinther,  is  apparently  iden- 
tical with  this  European  species.     The  genus  Pmnatopsetta  Gill, 
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which  was  founded  on  Storers  Pkuronectet  dentate 
charactera  by  which  it  may  be  distinguished  from  j 
90><ks,  and  it  should  be  set  aside.  Htppoglosi^de*  U> 
is  a  deep  water  species  found  constantly  with  the  prec 

5.  Jteuronectet  gl<d>er  (Slorer)  GilL 

As  a  rule,  the  female  may  be  distinguished  from 
by  il«  smooth  scales,  especially  in  the  breeding  seasoi 
its  greater  size.  Gravid  females  were  received  fion 
Massachusetts,  January  10,  187a  Tbe  eggs  are  one 
of  an  inch  in  diameter.     (Bean.) 

6.  Aiici/loptetta  guadroceilata  GilL 

Of  this  species,  which  was  described  from  Pensacola 
and  not  elsewhere  recorded,  Professor  S.  F.  Baird  obta 
specimens  in  Charleston  Market,  South  Carolina,  Apri 

7.  liehihardliua  hippofflostoidet  (Walb.)  GilL 

The  southern  range  of  this  Arctic  species  has  been  ^ 
to  latitude  42°  N.  Fishermen  take  them  frequenth 
gully  between  Le  Have  and  George's  Banks,  atdei^n; 
than  200  fethoms.  They  appear  to  inhabit  the  abrupl 
Riopcs  of  the  banks  beyond  and  below  tbe  range  of  the 
this  fact,  together  with  the  uniform  dark  coloration  of  tl 
siitc  of  the  body,  seems  to  indicate  that  its  habits  dil 
those  of  other  pleuronect'jid  fishes. 

8.  Chmnopaetta  oblimga  (Mitch.)  GilL 

One  specimen  was  irawled  August  15,  1878,  in  the  h 
Gloucester.  It  Jias  not  previously  been  recorded  in  M; 
setts  Bay  except  at  Provincetown,  where  Captain  , 
obtained  it  in  1846,  and  where  it  has  since  been  occa 
observed. 

9.  Macrurvs  Jiairdn  Goode  and  Bean. 

The  unique  specimen  of  this  species  has  been  supph 
by  three  additional  ones  captured  August  27,  1878,  f( 
miles  off  Eastern  Point  Light  (Cape  Ann),  E.  |  S.,in  1 
onis,  which  is  within  two  or  three  miles  of  the  looditj  a 
the  typo  was  secureil. 

10.  Jf acrurus  rupe»tris  Bloch, 
Many  sjwcimens  have  been  brought  in  by  flshePM 

testimony  is  that  it  is  abundant  in  the  deep  wate"*-^ 
and  the  inore  northern  bnnka 

11.  FAyeit  6'A«(«ri  Goode  and  Bean. 
Thiw  specimens  of  a  new  sjn-oi-p  "f  /'Vr''" 

tho  trawl-net  thirty-three  to  foiH 
Cape  Ann  in  HO  to  140   fatlioi.r- 
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to  the  vertical  from  the  posterior  margin  of  the  orbit  The 
barbel  scarcely  equals  half  the  diameter  of  the  orbit 

The  vent  is  situated  under  the  nineteenth  ray  of  the  second 
dorsal,  equidistant  from  snout  and  tip  of  caudal. 

The  anal  is  inserted  behind  the  vent  at  a  distance  equal  to 
the  length  of  the  second  anal  ray ;  it  has  a  considerable  depres- 
sion in  its  middle  and  terminates  in  a  line  with  the  end  ox  the 
second  dorsal. 

The  pectoral  is  slightly  more  than  four  fifths  as  long  as  the 
head  and  extends  to  the  vertical  from  the  ninth  rav  of  the 
second  dorsal.     Its  length  equals  greatest  height  of  boay. 

The  longest  ray  of  the  ventral  is  about  seven-eighths  of  the 
lengtli  of  the  head,  and  extends  half  way  to  the  vent 

Radial  formula :  D.  4,  53  ;  A.  40 ;  V.  6.  Scales  in  lateral 
line  about  115 ;  above  lateral  line  11. 

13.  Hypsiptera  argentea  Gtlnther. 

A  single  individual  was  taken  at  the  surface,  May,  1878, 
about  forty  miles  oflf  Cape  May,  New  Jersey,  by  Captain  Robert 
n.  Hurlbert  of  Gloucester.  This  is  an  addition  to  the  fauna  of 
the  Western  Atlantic. 

14.  Lota  maculosa  (Le  Sueur)  Richardson. 

After  close  study  of  a  large  series  of  specimens  representing 
every  locality  from  which  species  of  Lota  have  been  describea 
in  America  and  many  places  in  Europe,  Dr.  Bean  agrees  with 
late  writers  in  referring  all  the  American  species,  so  called,  to 
J^la  maculosa.  This  species,  in  the  skeletons  examined,  has 
sixty-four  vertebrae.  The  European  variety,  in  two  examples 
studied,  shows  sixty-one  vertebrae.  Dr.  Giinther  gives  the 
number  as  sixty.  On  the  basis  of  this  diSerence  in  the  number 
of  vertebrae  Dr.  Bean,  for  the  present,  separates  the  European 
from  the  American  burbot  as  a  variety  with  the  name  Zoto 
maculosa  (LeSueur)  Rich.  var.  vulgaris  Jenyns.  Further  obser- 
vation of  the  number  of  vertebrae  is  very  desirabla 

The  specific  name  maculosa^  formed  by  LeSueur  in  1817, 
seems  to  have  priority.  Walbaum's  Gadus  lacustris  was  evi- 
dentlv  a  catfish.* 

The  name  vulgaris,  though  attributed  to  Cuvier  and  Jurine 
was  not  used  nor  claimed  until  in  18^5  by  Jenyns  in  his  Manual 
of  the  Vertebrate  Animals. 

15.  Ly codes  Verrillii  Goode  and  Bean. 

Taken  sparingly  in  from  78  to  114  fathoms  off  Cape  Ann,  at 
one  time  within  seven  miles  of  Thatcher's  Island. 

*  See  the  description  and  also  "  Mathemeg"  in  Rich.  Faun.  Bor.  Azner.,  p.  136, 
and  Jordan,  BulL  z,  U.  S.  Nat  Mus.,  p.  84. 
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Professor  Eobert  Collet*  has  considered  this  species  identical 
th  his  L.  Sarsit ;  but  even  the  comparative  tables  which  he 
troduces  in  support  of  this  position  show  that  the  two  species 
e  clearly  distinct 

.  Leptoblennius  serpentintis  (Storer)  Gill. 

Taken  occasionally  in  seventy  fathoms  or  more. 

.  Anarrhichas  lupus  L. 

Specimens  of  an  Anarrhichas  with  brown  cross  bars  instead 
spots  and  which  cannot  in  any  way  be  distinguished  from 
e  JEuropean  species,  have  been  taken  during  the  past  season. 
^e  add  this  species  to  the  faunal  list  without  expressing  an 
)inion  as  to  the  validity  of  the  species  A.  vomerinus  Agassiz. 

.  jEJumicrotremtis  spinosus  (Fabr.)  Gill. 

Three  specimens  were  secured,  September  2,  1878,  seventeen 
id  three-quarter  miles  S.  E.  i  E.  from  Eastern  Point  Light, 
ipe  Ann,  in  twenty-three  to  twenty-eight  fathoma 

».    TVichidion  octonemvs  (Girard)  Gill. 

Of  this  species,  hitherto  known  only  from  Texas,  the  United 
^tes  National  Museum  has  lately  received  a  specimen  col- 
cted  by  Mr.  Silas  Stearns  at  Pensacola,  Florida. 

>.    Orcynus  pelamys  (Linne)  Poey. 

A  specimen  of  the  oceanic  bonito  was  taken  in  July  or 
ugust,  1877,  off  Provincetown,  Massachusetts,  and  presented 
J  Mr.  Jas.  H.  Blake  to  the  Museum  of  Comparative  Zoology, 
n  addition  to  our  fauna. 

.    CaiUolatilus  microps  Goode  and  Bean. 

A  specimen  two  feet  three  inches  in  length,  taken  March  18, 
)78,  on  the  Snapper  Bank,  off  Pensacola,  Florida,  in  thirty- 
;e  fathoms  of  water,  was  received  from  Mr.  Silas  Stearns. 
Dr  a  full  description  see  Proc.  U.  S.  National  Museum,  1878, 

42. 

t.    Cynoscion  regalis  (Bloch)  Gill. 

Three  individuals  have  been  taken  during  the  summer  in 
apt.  Webb's  trap  near  Thatcher's  Island,  off  Cape  Ann.  It 
id  not  previously  been  recorded  farther  north  than  Province- 
•wn,  Massachusetts. 

I.  Menticirrus  nebulo9us  (Mitch.)  Gill. 

One  specimen  was  secured  in  the  summer  of  1878  by  Captain 
Tebb  in  the  trap  just  referred  to.  Provincetown  has  been 
jretofore  its  recorded  northern  limit 

^FiBke  fra  den  noreke  Nordhavs — Ezped.  1876-77,  Christiania  Yidensk. — 
ilflk.  Foriiandl.  1878,  No.  4. 
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24.  Stenotomus  argyrops  (Linc^)  Gill. 

The  northern  range  of  the  scup  is  extended  to  Thatcher's 
Island,  off  Cape  Ann,  where  it  has  recently  been  taken  in  con- 
siderable numbers  by  Captain  Webb. 

25.  Sargus  Holbrookii  Bean. 

Six  specimens  of  this  new  species,  from  Savannah  Bank, 
were  sent  to  the  United  States  National  Museum,  March  29, 
1878,  by  Mr.  Goode.  Numerous  individuals  apparently  be- 
longing to  the  same  species  were  collected  at  Beaufort,  North 
Carolina,  by  Professor!).  S.  Jordan  during  the  summer  of  1878. 

diagnosis:  Body  ovate,  compressed,  a  very  slight  protuber- 
ance above  the  upper  anterior  margin  of  the  orbit,  ana  a  very 
marked  one  in  the  supra-occipital  region.  Distance  from  origin 
of  ventral  to  origin  of  spinous  dorsal  is  about  two-fifths  of 
total  length  to  end  of  middle  caudal  rays.*  Least  height  of 
tail  is  about  equal  to  length  of  upper  jaw. 

Length  of  head  is  contained  three  and  three-quarter  times 
in  total.  The  interorbital  area  is  slightly  less  than  one  and  a 
half  times  the  long  diameter  of  eye.  The  length  of  snout  is  one- 
tenth  of  total  length  and  about  equals  that  of  mandible.  The 
eye  is  contained  nearly  four  and  one-fifth  times  in  length  of 
head. 

The  longest  dorsal  spine  is  contained  from  eight  and  one- 
half  to  ten  times  in  total  length  of  body. 

The  distance  of  anal  from  snout  is  contained  one  and  five- 
eighth  times  in  total  length.  Longest  anal  spine  equals  one- 
twelfth  of  total  length. 

The  length  of  middle  caudal  rays  equals  that  of  snout 

The  distance  of  pectoral  from  snout  is  contained  three  and 
one-half  times,  and  its  length  about  three  times  in  total  length. 

The  distance  of  ventral  from  snout  slightly  exceeds  the 
length  of  pectoral.  Length  of  ventral  averages  nearly  one- 
fifth  of  total  length. 

Radial  formula:  B.  vi ;  D.  xii,  13-14;  A.  iii,  13-14;  P. 
15-16 ;  V,  1,  5. 

Scales :  8-60  to  62-16. 

Teeili:  eight  incisors  in  each  jaw,  their  greatest  width  equal 
to  half  their  length.  Three  rows  of  molars  above,  two  below, 
with  sometimes  a  tendency  to  increase  the  number  of  rows. 

For  a  full  description,  see  Proc.  U.  S.  National  Museum, 
1878. 

26.  RhombopUte>s  aurorubens  (Cuv.  and  Val.)  Gill. 

A  specimen  of  this  species,  hitherto  known  only  from  the 
West  Indies  was  secured  in  May  from  Mr.  C.  C.  Lesley,  of 

*  This  length  is  the  basis  of  oomparison  for  all  my  measuremientB  of  thiarSpeciei. 
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larleston,  South  Carolina,  another  was  collected  at  Pensacola, 
orida,  by  Mr.  Silas  Stearns  a  few  days  later. 

.   LtU^anus  Blackfardii  Goode  and  Bean. 

The  **  red-snapper"  of  the  Southern  Atlantic  and  Gulf  coasts 
Dves  to  be  distinct  from  the  West  Indian  species  with  which 
had  previously  been  confused.  It  was  named  in  honor  of 
r.  E.  G.  Blackford  of  New  York  City,  a  gentleman  who  has 
idered  many  important  services  to  American  ichthyology. 
ill  descriptions  of  this  and  the  following  species  may  be 
ind  in  the  Proceedings  of  the  U.  S.  National  Museum. 

.  Ijufjanus  Steamsii  Goode  and  Bean. 

The  '*  mangrove  snapper"  of  the  Gulf  of  Mexico  proved  to 
I  new  and  was  named  in  honor  of  Mr.  Silas  Stearns  of  Pensa- 
la,  by  whom  the  only  known  specimen  was  collected.  Rhom- 
plues  aurarubens,  mentioned  above,  is  known  at  Charleston 
the  "mangrove  snapper/'  at  Pensacola  as  the  "bastard 
lapper." 

K  JESpinephehu  DrummondSayi  Goode  and  Bean. 

This  magnificent  species  was  first  discovered  at  the  Bermudas 
1 1861,  by  Col.  H.  M.  Drummond  Hay,  C.M.Z.S.,  by  whom  a 
ketch  and  partial  description  were  prepared.  The  National 
[useum  has  lately  received  two  specimens  from  Florida,  one 
pom  Mr.  Blackford,  collected  at  the  Keys,  the  other  from  Mr. 
iteams  at  Pensacola.  The  species  attains  the  weight  of  fifty 
tounds  or  more.  ^ 

0.  Epin^helus  nivecUits  (Cuv.  and  Val.)  Poey. 

This  species  has  been  taken  twice  at  Newport,  Ehode  Island, 
yr  Samuel  Powel,  Esq.  The  first  specimen,  a  young  indi- 
idual,  was  made  the  type  of  the  genus  Hyporthodus^  by 
?rofessor  Gill.  A  comparison  of  Hyforthodus  flavicauda  Gill 
rith  Cuban  specimens  of  Epinephehis  niveattis  proves  their 
dentity.  The  second  specimen  was  received  from  Newport  in 
L877.     It  has  not  been  recorded  elsewhere  on  the  East  coast 

II.  Boccus  llneatus  (Bl.  Schn.)  Gill. 

The  "rock-fish''  is  taken  in  winter  in  the  Altamaha  Eiver, 
n  considerable  numbers.  South  of  this  region  its  occurrence 
di  extremely  rare.  Two  were  observed  in  the  St  Johns  Eiver, 
Plorida,  in  1874;  and  in  May,  1878,  astray  individual  was  sent 
5y  Mr.  Stearns  from  Pensacola. 

52.  Bemoropsis  brachyptera  (Lowe)  Gill. 

Two  specimens  of  this  rare  species  have  been  obtained  from 
ishing  schoonei's.     One  was  found  clinging  to  the  side  of  a 

♦Proc  Acad.  Nat  Sci.  Philad.,  1861,  pp.  98-99. 


46  Ooode  and  Bean — East-coasi  Fishes. 

sword-fish  harpooned  in  the  channel  southwest  of  George's 
Bank,  another  on  the  deck  of  a  halibut-trawler  fishing  in  the 
gully  northeast  of  George's  Bank,  at  a  time  when  sword  fish 
were  being  taken  on  the  trawla  This  species  may  very  proba- 
bly be  a  parasite  peculiar  to  Xiphias^  as  the  allied  species, 
Rhombochirvs  osleochtr  is  to  Tetrapturus  albridus, 

33.  Belone  latimanus  Poey. 

The  occurrence  of  a  single  specimen  of  this  West  Indian 
form  in  Buzzard's  Bay,  where  it  was  obtained  by  the  Commis- 
sion in  1875,  has  already  been  recorded  (Proc.  U.  S.  National 
Museum,  i,  1878,  p.  6.)  Several  additional  specimens  from 
North  Carolina  or  Chesapeake  Bay,  were  obtained  in  Fulton 
market,  New  York,  June  1,  1878. 

34.  Belone  hiafis  Cuvicr  and  Valenciennes. 

In  company  with  the  preceding  were  several  specimens  of 
this  species  hitherto  recorded  only  from  Bahia,  the  West 
Indies,  and  the  Bermudas. 

35.  Fundulus  seminolis  Lesueur. 

This  species,  long  lost  sight  of,  was  collected  in  quantity  by 
Professor  Baird  on  the  upper  St  Johns  River. 

36.  Lucaniaparva  (Baird  and  Girard)  Bean. 

The  Cyprinodon  parvus  of  Baird  and  Girard  should  be  re- 
ferred to  the  genus  Lucania  Girard.  The  species  is  recorded  only 
from  Beesley  s  Point,  New  Jersey,  Sinepuxent  Bay,  Maryland, 
Greenj>ort,  Long  Island  and  Noank,  Connecticut     (Bean.) 

37.  Alepidosaunts  ferox  Lowa 

Six  specimens  of  this  species  are  now  on  record  in  the  United 
States — one  in  the  collection  of  the  Boston  Society  of  Natural 
History  and  five  in  the  United  States  National  Museum.  All 
of  these  have  been  captured  within  the  limits  of  lat  41®  and 
44°  and  at  depths  of  200  to  400  fathoms. 

The  first  capture  of  Alepidosaurus  in  the  Western  Atlantic^ 
was  by  Captain  D.  C.  Murphy  of  the  schooner  Centennial  in 
July,  1877,  in  200  to  300  fathoms.  Lat  48°  46'  N. ;  long  69' 
19'  W. 

38.  Salmo  salar  L. 

The  salmon  has  been  transported  by  the  Commission  of 
Fisheries  to  the  rivers  of  the  Middle  States,  to  many  points  in 
the  Mississippi  valley  and  to  the  California  coast.  It  may  be 
regarded  as  acclimated  in  the  Hudson,  Delaware  and  Sasqae- 
banna  Rivers,  and  re-acclimated  in  the  Connecticut 
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Brevoortia  tyrannus  (Latrobe)  Goode. 

he  common  menhaden  was  described  under  the  name 
9ea  tyrannus  by  Latrobe  in  1802,  and  the  specific  name  then 
)Osed  has  priority  over  all  others.  An  extended  study  of 
species  of  this  group  indicates  that  the  B,  tyrannus  occurs 
the  coast  of  Brazil,  as  far  south  as  Bahia,  and  that  Spix's 
oanodon  aureus  is  specifically  identical  and  should  be  in- 
led  as  a  subspecies,  B,  tyrannus  subspecies  aurea. 

Brevoortia  pcUrontM  Goode. 

L  species  occurring  at  several  points  on  the  north  shore  of 
Gulf  of  Mexico,  from  the  mouth  of  the  Rio  Grande  to 
sacola,  Florida,  where   Mr.  Stearns  observed  it  in  great 
ndance. 

Alosa  sapidissima  (Wilson)  Storer. 

hrough  the  agency  of  the  United  States  Commission  of 
leries  the  common  shad  has  been  introduced  into  most  of 
rivers  flowing  through  the  Southern  States  into  the  Gulf  of 
cico,  and  may  now  be  considered  a  member  of  the  fauna  of 
,  region,  its  range  south  and  west  having  been  extended 
r  at  least  twelve  hundred  additional  miles  of  coast  line.  It 
Iso  acclimated  in  California. 

Pomolohus  pseudoharengus  (Wilson)  Gill. 

abundant  in  Lake  Ontario,  Cayuga  and  Seneca  Lakes,  New 
k.  The  variety  lacustris,  founded  on  Cayuga  Lake  specimens 
Professor  Jordan,  is  precisely  like  the  average  coast  alewife. 
er  careful  measurements  of  numerous  lake  and  coast  speci- 
is  I  am  unable  to  separate  them.     (Bean.) 

Nemichthys  scolopaceus  f  Richardson. 

L  single  specimen  nineteen  inches  long,  of  a  curious  eel-like 
was  obtained  from  a  fisherman  who  took  it,  living,  from 
stomach  of  a  cod  fish  caught  on  George's  Bank'in  February, 
5,  in  forty-five  fathoms.  Another,  preserved  in  the  collec- 
I  of  the  Cape  Ann  Literary  and  Scientific  Association  at 
ucester,  was  picked  up  on  the  deck  of  a  cod  vessel.  It  be- 
gs to  the  genus  Nemiclithys  described  by  Sir  John  Richardson 
n  a  specimen  collected  by  the  exploring  ship  Samarang  in 
Soutn  Atlantic.  Only  one  species  has  been  described,  the 
e  was  from  the  South  Atlantic.  Another  specimen  of  the 
us  was  taken  at  Madeira  and  described  by  Lowe  under  the 
le  Leptorhyncus  Leuchtenbergii.  Giinther  considers  it  to  be 
atical  with  A',  scolopaceus.  The  American  fish  is  at  present 
gned  to  the  same  species.  The  family  NemichOiyidce  is  new 
he  Western  Atlantic. 
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44.  Amia  calva  L. 

TRe  range  of  the  mud-fish  has  not  hitherto  been  recognized 
to  extend  south  of  Charleston,  South  Carolina,  whence  Garden 
sent  specimens  to  Linnaeus.  It  occurs  abundantly  in  the  St 
Johns  River,  Florida,  and  Mr.  S.  C.  Clarke  found  it  in  Spruce 
Creek,  a  tributary  of  Halifax  River,  about  lat.  28**. 

45.  Chimaera  plumbea  GilL 

Within  the  past  twelve  months  seven  individuals  have  been 
secured — one  by  the  Boston  Society  of  Natural  History  and 
six  by  the  United  States  National  Museum: 

The  first  specimen  was  taken  by  Captain  D.  C.  Murphy  of 
the  schooner  Centennial  in  July,  1877,  in  200  to  300  fathoms, 
lat.  43"^  46'  N.,  long.  SO""  19'  W.  Others  have  since  been  taken 
within  the  latitudes  42^  and  44°  N.  and  in  water  from  200  to 
850  fathoms  deep. 

46.  Torpedo  ocddentalis  Storer. 

Taken  occasionally  near  Thatcher's  Island,  off  Cape  Ann,  by 
Captain  Webb,  in  his  trap.  A  specimen  was  taken  at  Tjanes- 
ville,  Massachusetts,  July  13,  1878,  the  only  instance  of  its 
occurrence  to  the  northward  of  the  point  of  Cape  Ann. 

47.  Hypoprion  longirostris  Poey. 

A  West  Indian  species ;  collected  in  the  Grulf  of  Mexico,  by 
Dr.  J.  W.  Velie,  of  Chicago,  and  sent  to  Washington  for  iden- 
tification. 

48.  Centroscymnus  ccelolepis  Bocage  and  Capello. 

This  species  was  described  from  the  coast  of  Portugal.  It  is 
recorded,  also,  from  Madeira.  Three  specimens  were  presented 
to  the  United  States  National  Museum,  August  26,  1878,  by 
the  crew  of  the  schooner  Marion,  who  captured  them  on  the 
Nova  Scotia  banks,  the  first  specimens  known  from  the  Western 
Atlantic. 

49.  CentroscyUium  FabricH  (Reinh.)  MflUer  and  Henle. 

A  Greenland  species.  One  individual  was  received  from 
Captain  Jos.  W.  Collins,  schooner  Marion  ;  locality  same  as  tbe 
last  This  species  is  new  to  the  fauna  of  the  Western  Atlantic. 
Both  this  and  the  preceding  are  called  by  the  fishermen  '*  Black 
Dog  fish." 

60.    Qinglymostoma  cirratiim  (L.  Gm.)  Mtlller  and  Henle. 

An  adult  specimen  was  taken  in  the  Gulf  of  Mexico,  by  Dr. 
J.  W.  Velie  of  Chicago.  A  young  individual  was  captured  by 
Mr.  Otto  Lugger  in  Chesapeake  Bay. 

Gloucester,  Mass.,  September  7,  1878. 
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V. — Note  on  the  Brightness  and  the  Stellar  Magnitude  of  the 
i  Satumian  satellite — Tethys ;  by  Edward  S.  Holden. 

licaied  bj  penniflsion  of  Rear  Admira]  John  Rodgxbs,  IT.  8.  N.,  Super- 
intendent U.  S.  Naval  ObsenrotoTy.] 

!^ovember  20,  1878,  I  was  observing  Saturn's  satellites 
le  26-inch  refractor,  using  an  eye-piece  magnifying  400 
3rs.  Four  satellites  were  nearly  in  the  plane  of  the  ring 
m  angle  94° -2).     They  were 

Tethys;  ^=265°,  «=85"  ;  (estimated.) 

Dione;  p=  94  ,  5=60";  (         "        ) 

Titan;  p~  94zh,  5= over  150" (estimated.) 

Enceiadus  ;  ^=92  (est),      « =81"-18  (measured.) 

« 

bout  8**  30">  as  I  had  just  completed  the  measure  of  the 
e  of  Enceiadus^  the  sky  became  covered  with  flying 
which  continually  passed  over  Saturn^  partially  obscur- 
j  planet  and  dimming  the  light  of  the  satellites.  The 
were  probably  forming  and  disappearing  constantly,  as 
was  full  of  moisture,  the  diflFerence  of  the  wet  and  dry 
lermometers  being  less  than  1°  F. 

i  noticed  before  beginning  to  observe  that  large  portions 
sky  were  alternately  obscured  and  clear,  evidently  owing 
clouds  formed  on  the  spot 

disappearance  or  dimming  was  gradual  and  it  seemed 
to  a  photometric  experiment  similar  to  that  tried  by 
)n  the  nebula  of  Orion  during  twilight,  when  the  order 
appearance  of  the  details,  with  the  times,  were  noted.* 
)rdingly,  Mr.  Anderson,  assistant,  watched  Saturn  with 
ced  eye,  looking  along  the  telescope  as  a  guide  at  the 
while  I  watched  the  appearance  of  the  satellites  through 
latoriaL  The  interior  of  the  dome  was  perfectly  dark. 
,  cloud  gradually  (and  as  nearly  as  could  be  judged  uni- 
)  darkened  Saturn  as  seen  in  the  telescope,  the  appear- 
7ere  carefully  noted  and  when  the  planet  disappeared  to 
ced  eye  Anderson  called  "now." 

his  instant  I  endeavored  to  note  the  visibility  of  the 
?& 

iadus^  which  was  faint  at  the  best,  always  disappeared 
this  instant.  In  four  (tolerably  satisfactory)  experiments 
found  that  Tethys  disappeared  in  the  telescope  at  the 
nstant  that  Saturn  did  to  the  naked  eye.  In  several 
irances  I  found  that  Dione  reappeared  in  the  telescope 

♦  Annals  Harv.  ColL  Obs.,  vol.  v,  p.  164,  etc. 

UB.  Sci.— Third  Skbibs,  Voi.  XVII,  No.  97.— Jan.,  1879. 
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just  before  Saturn  appeared  to  the  naked  eye  ;  and  that  TeMyj 
was  seen  almost  at  the  same  time,  or  a  very  little  after  this. 
When  iSaturn  was  just  appearing  or  disappearing  TiSan  was  as 
bright  in  the  telescope  as  Diane  when  no  clouds  were  present 

Diane  was  always  a  little  brighter  that  Tethys,  The  southern 
edge  of  the  belt  in  the  southern  hemisphere  of  Saturn  vanished 
ahoat  at  the  same  time  as  JKnceladus,  This  observation  is,  how- 
ever, not  so  precise  as  those  on  Ttihys, 

As  many  appearances  and  disappearances  as  possible  were 
observed  and  the  result  of  them  all  is  that  Tethys  was  as  bright 
to  my  eye  in  the  telescope  as  Saturn  was  to  Anderson's  unas- 
sisted eye.  It  may  be  mentioned  that  Anderson  under  good 
circumstances  can  see  Uranus  with  the  naked  eye,  and  by 
experience  I  have  learned  that  my  eye  is  well  suited  to  seeing 
faint  satellites  like  those  of  Uranus  and  Neptune.  I  believe 
that  our  eyes  ufsed  as  in  this  experiment  were  as  nearly  equal 
as  any  could  be. 

The  sky  became  totally  cloudy  before  I  could  measure  the 
the  position  of  Tethys,  From  Prof.  Newcomb's  MS.  tables  the 
time  of  West  elongation  is  12^4  Wash.  m.  t 

These  experiments  enable  us  to  determine  approximately, 
the  relative  brilliancy  of  Tethys^  in  this  part  of  its  orbit,  with 
Saturn,  Assuming  the  diameter  of  the  pupil  of  the  eye  at 
0^2'°  the  relative  amount  of  light  receivea  by  Anderson's  eye 
from  Saturn  and  through  the  telescope  from  Tethys  are  as 
(26-00  inches) »  to  (0*2  inches)',  or  as  16,900  to  1.  So  that  the 
immediate  result  of  these  experiments  is  that  Tethys  was  at  that 
time  TF^Js^h  part,  or  000005917  as  bright  as  Saturn^  including 
both  ball  and  ring. 

From  the  table  given  by  Zdllner  in  Photometrische  Unler- 
suchungen^  p.  200,  it  follows  that  if  Saturn  had  been  without  his 
ring,  the  light  from  the  ball  alone  would  have  been  0'9356 
(log.  9*9711)  of  the  light  of  ball  and  rings  combined.  Hence 
if  H,  is  the  light  from  the  ball  alone,  the  light  received  from 

1  H. 

Tethys  was  i^tqqq  •  q.'^^^  =  000006323.    H ,  (log. 5-8009 H,> 

If  H ,  is  the  brilliancy  of  a  planet  at  a  time  when  its  distance 
from  the  sun  is  r,  and  from  the  earth  /),  ;  and  if  d  is  the  true 
diameter  of  the  planet  in  miles  and  A  a  constant  depending  on 
the  nature  of  its  reflecting  surface  then 

=  A.d^(     ^    ]* 
At  another  time,  H,  =  A.d*.  ( )  and 

*  See  Stampfer :  8itziuig8ber.  der  k.  Acad.  d.  Wise.  Berlin,  vol.  yii,  1861,  p.  ^SOl 
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For  November  20,  8»>.5  Wash.  m.  t.,  log.  r,  =  0-9787  and 
»g.  /»,  =  0*9554.  The  mean  distance  of  Sfitum  is  9*5889 
og.  r,  =  0*9795)  and  the  log.  of  its  mean  distance  from  the 
irth  is  log.  jt> J  =0*9789.  Thus  the  brilliancy  of  Saturn  was 
reater  on  November  20  than  at  its  mean  opposition  in  the 
itio  of  1*118  to  1,  or  H,  =  1*118  H^.  Thus  Tethys  = 
000071  H,  or  in  words,  Tethys  in  this  particular  part  of  its 
'bit  ha-'i  seventy-one  millionths  of  the  brilliancy  of  the  ball  of 
(itum  at  mean  opposition. 

Zollner  has  determined  (op.  cit  p.  145)  the  relative  brilliancy 
:  Saturn'' s  ball  at  mean  opposition  of  CapelUi  to  be  Saturn  = 
431  Capella;  (log.  9*6345).  Hence  r(!f%5=0*00u030  Capella; 
ojr.  5-4^540). 

From  this  we  can  detennine  the  stellar  magnitude  of  Tethys, 

If  the  light  of  a  first  magnitude  star  (as  Capella)  be  assumed 
s  liK)0  and  if  the  light-ratio  be  3  (0*40)  and  if  m  be  the  mag- 
itude  of  the  star  on  Argelander's  scale,  then  5*~'  =  the  light 
{  the  star  in  terms  of  the  light  of  the  first  magnitude  star  as 
mitv.  For  us  i*~'  =  0*000080  or  m  =  12*3  approximately. 
On  Struve*s  scale  m'  =  11*8.    On  HerscheFs  scale  m"  =  12*5.] 

The  resulting  stellar  magnitude  of  Tethys  on  Argelander's 
icale  being  as  we  have  seen  12*8  it  should  be  just  visible  with 
I  telescope  of  a  little  over  four  inches  aperture.*  This  I  tested 
an  November  26A^  and  I  find  that  with  four  inches  aperture 
Te.ihys  was  just  barely  visible  at  elongation  (East)  with  a  power 
of  200  diameters  when  Saturn  was  in  the  field.  When  ySaturn 
was  put  out  of  the  field  it  was  just  steadily  visible.  With  a 
power  of  400  it  was  better  seen,  never  totally  disnppenring. 
With  an  aperture  of  five  inches  on  the  finder  and  a  power  of 
thirty  it  was  not  seen.  The  appearances  were  the  same  to  both 
Anrleison  and  myself.  These  observations  give  a  rouuh  check 
on  ihe  preceding  accurate  ones,  as  the  two  methods  agree  belter 
than  could  be  expected.  It  also  aflbrds  some  evidence  as  to  the 
eves  of  the  two  observers. 

If  the  relative  brilliancy  of  the  various  satellites  among  them- 
selves be  measured,  the  foregoing  observations  aflbrd  a  ready 
means  of  deducing  their  brilliancy  in  terms  of  a  standard  star 
hke  Capella  and  hence  in  terms  of  any  standard  star. 

U.  8.  Naval  Observatory,  Washington,  1878,  Nov.  25. 

*  See  Pogson :  Mon.  Not.  R.  A.  S.,  vol.  xxi,  p.  34.  It  is  important  to  remember 
that  in  the  application  of  Pogson's  formula  there  is  considerable  uncertaiuty 
owing  to  the  varying  effects  of  different  magnifying  powers,  and  to  other  causes. 
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Abt.  V. — On  the  use  of  Ike  TasimeUr  for  Measuring  the  Heat  of  At 
iHars  and  of  the  Sun's  Corona;*  by  THOMAS  A.  Edison,  Ph.D. 

7b  Proftttor  Satry  Draper  M.D.,  Diredor  of  fht  Draper  EcMpte  E^ediUou  .— 

Dear  Sir:  The  instrument  which  I  used  at  Rawlins,  Wyo- 
ming, during  the  solar  eclipse  of  July  29, 1878,  for  the  purpose 
of  measuring  tlie  heat  of  the  sun's  corona,  was  devised  by  me  a 
short  time  only  before  that  event;  and  the  time  was  insufficient 
to  allow  me  to  give  it  as  thorough  a  test  as  was  desirable  to 
ascertain  its  full  capabilities  and  characteristica. 

This  instrument  I  have  named  the  tasimeter,  from  the  Qreek 
words  Toaiz,  extension,  and  fiszpov,  measure,  because  primarily 
the  effect  is  to  measure  extension  of  any  kind.  The  form  of  Id- 
strumont  which  I  used  is  shown  in  the  annexed  wood-cut  (fig.  1.) 


With  this  iustrument  was  used  a  Thomson's  reflecting  galw 
nometer,  on  a  tripod,  and  having  a  resistance  of  three-fourths  o£ 
an  ohm.  The  galvanometer  was  placed  in  the  bridge  wire  of  > 
Wheatstone  balance,  two  of  the  branches  of  which  had  coDBtant 
resistances  of  ten  ohms  each,  while  of  the  other  two  one  had  ■ 
constant  of  three  ohms,  and  the  other  contained  the  tasimeter 
which  was  adjusted  by  means  of  the  screw  to  three  ohmB. 
When  thus  balanced  if  the  strip  of  vulcanized  rubber  placed 
between  the  fixed  point  and  the  carbon  button  (seen  in  fig.  2) 
*  Read,  by  panniaBion  of  Dr.  Draper,  at  tha  St.  Louis  meeting  of  tlie  Amiriia* 
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■xposed  to  heat  from  any  source,  it  expanded,  prfxlucing 
ire  upon  the  carbon  button,  decreasing  its  resistance  aod 
>yiDg  the  balaace ;   a  current  wa^  thus  allowed  to  puss 


gh  the  bridge  wire  containing  the  galvanometer,  the 
nt  of  this  current  of  course  being  proportional  to  the 
ision  of  the  rubber  and  to  the  strength  of  the  battery. 
e  form  of  instrument  here  described  was  only  finished  two 
before  leaving  for  the  west;  hence  I  was  unable  to  test  it, 
;ver,  I  set  it  up  upon  my  arrival  at  Rawlins,  but  found 
t  was  a  very  difficult  matter  to  balance  so  delicate  an  instru- 

39  a  reBccting  galvanometer  with  one  cell  of  a  battery, 
gh  such  small  resistances.  In  fact,  I  did  not  succeed  in 
cing  it  at  all  in  the  usual  way.  Nor  could  it  be  balanced 
v  way  until  I  devised  a  method  which  I  may  designate 
tiooal  balancing,"  when  it  beiiame  very  easy  to  accomuHsh 
ault  and  also  to  increase  the  effect  by  using  two  cells  in 

of  a  single  one.  This  device  consisted  of  a  rheostat 
■A  of  two  rows  of  pins.  The  rows  were  about  one-half  an 
ipart,  A  wire  was  connected  from  a  pin  on  one  niw  to  a 
Q  the  other  row  and  so  on,  so  that  the  current  had  to  pa,s8 
gh  the  whole  lenath  of  the  wire,  which  was  No.  24  gauge 
:iar  feet  long.  This  was  used  as  a  shunt  around  the  gal- 
neter.  A  copper  wire  connecting  ail  thepina  of  one  row 
i  to  reduce  the  resistance  to  zero.  When  the  galva- 
ter  was  then  shunted,  a  very  feeble  current  passed  through 
f  the  spot  of  light  was  not  at  zero  it  was  brought  there  by 
■  increasing  or  decreasing  the  pressure  upon  the  vulcanite 
i  tasimeter  by  the  adjusting  nut  When  thus  brought  to 
he  copper  wire  of  the  shunt  rheostat  was  taken  off  of  one 
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pin,  thus  increasing  the  resistance  of  the  shunt  perhaps  to  one- 
fiftieth  of  an  ohm.  The  spot  of  light  was  c^enerally  deflected 
nearly  off  of  the  scale.  The  light  was  again  brought  to  zero 
by  varying  the  resistance  of  the  tasimeter,  and  another  one-half 
inch  of  wire  included  in  the  shunt,  another  deflection  and 
another  balance  was  obtained  by  the  tasimeter.  Thus  by 
gradually  increasing  the  delicacy  of  the  galvanometer  by  in- 
creasing the  resistance  of  the  shunt  and  balancing  at  every 
increase,  the  whole  of  the  current  was  allowed  to  pass  through 
the  galvanometer  and  the  shunt  taken  off.  When  this  point 
was  reached  the  damping  magnet  or  director  was  in  close  prox- 
imity to  the  case  of  the  galvanometer.  To  increase  its  delicacy 
to  the  fullest  extent  it  became  necessary  to  raise  the  director  to 
the  top  of  the  rod.  This  was  done  by  raising  it  cautiously  a 
.  quarter  of  an  inch  at  a  time,  bringing  the  spot  of  light  to  zero 
each  time  bv  the  tasimeter. 

ft/ 

In  order  to  form  some  idea  of  the  delicacy  of  the  apparatus 
when  thus  adjusted,  a  preliminary  experiment  was  made  on  the 
evening  of  the  27th,  with  the  star  Arcturus.  The  tasimeter 
being  attached  to  the  telescope,  the  image  of  the  star  was 
brought  on  the  vulcanized  rubber.  The  spot  of  light  from  the 
sjalvanometer  moved  to  the  side  of  heat  After  some  minor 
adjustments,  five  uniform  and  successive  deflections  were 
obtained  with  the  instrument,  as  the  light  of  the  star  was  allowed 
to  fall  on  the  vulcanite  to  produce  the  deflection,  or  was  screened 
off  to  allow  of  a  return  to  zero. 

It  was  in  this  condition  when  the  eclipse  occurred.  The  tasi- 
meter was  placed  in  a  double  tin  case,  with  water  at  the  tem- 
perature of  the  air  between  each  case.  This  case  was  secured 
to  a  Dollond  telescope  of  four  inches  aperture.  No  eye-piece 
WHS  used.  At  the  moment  of  totality  the  spot  of  light  was 
>lowly  passing  towards  cold.  When  I  withdrew  a  tin  screen 
and  allowed  the  edge  of  the  luminous  corona  to  fall  upon  the 
rubber,  the  spot  of  light  stopped,  went  gradually  off  of  the  scale 
towards  heat,  its  velocity  accelerating  as  it  approached  the  end. 

The  time  required  for  the  light  to  leave  the  scale  was  from 
four  to  five  seconds. 

I  interposed  the  screen  and  endeavored  to  bring  the  light 
back  to  zero,  but  I  was  unsuccessful.  Had  I  known  that  the 
heat  was  so  great  I  should  have  used  a  platinum  strip  in  place 
of  the  vulcanite,  and  decreased  the  delicacy  of  the  galvanometer 
by  the  approach  of  the  damping  magnet.  I  then  should  doubt- 
less have  succeeded  in  getting  two  or  more  readings,  and  after- 
wards by  comparison  with  bodies  of  known  temperature  should 
have  obtained  a  near  approach  to  the  temperature  of  the  sun's  j 
corona. 

Eespectfully  yours,  Thomas  A.  Edison. 

Menlo  Park,  N.  J.,  August  15,  18T8. 
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Art.  VI. — Description  of  a  Paper  Dome  for  an  Astronomical 
Observatory;  by  Professor  Dascom  Greene,  Troy,  N.  Y. 

An  astronomical  observatory  has  recently  been  erected  for 
the  Bensselaer  Polytechnic  Institute,  through  the  liberality  of 
Mr.  E.  Proudfit  of  this  city.  In  maturing  the  plans,  and  super- 
vising the  erection  of  the  building,  I  have  introduced  an 
improved  method  of  constructing  revolving  domes,  a  brief 
wxjount  of  which  may  not  be  without  interest. 

While  making  the  preliminary  inquiries,  I  ascertained  that 
a  dome  of  the  dimensions  required,  constructed  in  any  of  the 
methods  in  common  use,  would  weigh  from  five  to  ten  tons, 
and  require  the  aid  of  cumbersome  machinery  to  revolve  it. 
It  therefore  occurred  to  me  to  obviate  this  objection  by  mak- 
ing the  frame-work  of  wood,  of  the  greatest  lightness  consist- 
ent with  the  requisite  strength,  and  covering  it  with  paper  of  a 
quality  similar  to  that  used  in  the  manufacture  of  paper  boats ; 
the  principal  advantages  in  the  use  of  these  materials  being 
that  they  admit  of  great  perfection  of  form  and  finish,  and  give 
extreme  lightness,  strength,  and  stifi^ness  in  the  structure, — 
prime  qualities  in  a  movable  dome.  A  contract  was  accord- 
ingly made  with  Messrs.  E.  Waters  &  Sons,  of  this  city,  the 
well-known  builders  of  paper  boats,  for  the  construction  of  the 
dome,  and  they  have  carried  out  the  undertaking  wiih  great 
skill  and  success. 

The  dome  is  a  hemisphere  with  an  outside  diameter  of 
twenty-nine  feet  The  frame- work  consists  primarily  of  a  cir- 
cular sill  which  forms  the  base,  and  two  semi-circular  arch  gird- 
ers set  parallel  to  each  other,  four  feet  apart  in  the  clear,  and 
spanning  the  entire  dome.  These  are  firmly  attached  to  the 
sill  and  kept  in  a  vertical  position  by  means  of  knee-braces. 
Tlie  sill  and  girders  are  of  seasoned  pine,  the  former  being 
8i  inches  wide  by  3J  thick,  and  the  latter  each  4J  by  3 
inches. 

The  paper  covering  of  the  dome  is  made  in  sixteen  equal 
sections,  such  that  when  set  up  side  by  side,  their  bases  on 
the  sill,  and  their  extremities  meeting  at  the  top,  they  form 
a  complete   hemispherical   surface.     The  frame-work  of  each 
^tion  consists  of  three  vertical  ribs  of  pine  each  3f  inches 
.    in  width  and  J  of  an  inch  thick,    one  at  each  side  and  one 
,    Diidway  between,  and  meeting  at  the  apex.     The  paper  was 
:    stretched  over  this  frame- work  as  follows: 
I      A   wooden  model  of   full  size  being  made  of  that  portion 
■    of  the  dome  included  within  one  of  the  sections,  with  a  sur- 
face truly  spherical,  the  frame-work  of  a  section  was  placed 
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in  its  proper  position  on  the  model,  so  that  its  outer  edges 
formed  part  of  the  same  spherical  surface,  and  covered  with 
shellac  where  it  was  to  be  in  contact  with  the  paper.  The 
sheet  of  paper  cut  in  the  proper  form  was  then  laid  on  the 
model  while  moist,  the  edges  turned  down  over  the  side  ribs, 
and  the  whole  placed  in  a  hot  chamber  and  left  until  thoroughly 
dry.  In  this  way  the  several  sections  were  dried  oif  in  succes- 
sion over  the  same  model.  The  paper  used  is  of  a  very  supe- 
rior quality,  manufactured  expressly  for  the  purpose  by  Messrs. 
Crane  Brothers,  of  Westfield,  Mass.  Its  thickness  after  dry- 
ing is  about  one-sixth  of  an  inch,  and  it  has  a  structure  as  com- 
pact as  that  of  the  hardest  wood,  which  it  greatly  excels  in 
strength,  toughness  and  freedom  from  any  liability  to  fracture. 

After  being  thoroughly  painted,  the  several  sections  were 
readj'^  to  be  set  up  side  by  side  on  the  sill  and  connected 
together  by  bolting  through  the  adjacent  ribs.  The  space 
between  the  arch  girders  being  left  uncovered  on  one  sidenom 
the  sill  to  a  distance  of  two  feet  beyond  the  zenith,  the  upper 
ends  of  the  sections  required  to  be  cut  ofif  and  accurately  fitted 
to  the  girders.  The  joints  between  sections  were  made  weatba 
proof  by  inserting  a  double  thickness  of  heavy  cotton  cloth 
saturated  with  white  lead  paint.  The  adjacent  side  ribs  were 
then  bolted  firmly  together  through  the  paper  and  cloth,  the 
lower  ends  attached  to  the  sill  by  angle  irons,  the  upper  ends 
bolted  to  the  girders,  and  the  lower  edge  of  the  paper  turned 
under  the  sill  and  securely  nailed.  The  joints  were  afterwards 
painted  over  on  the  outsiaa  As  the  entire  surface  exposed  is 
free  from  nail  holes  or  other  abrasions  in  the  paper,  the  struc- 
ture promises  with  an  occasional  coat  of  paint  to  last  for  many 
yeara,  and  to  form  an  effective  and  serviceable  roof. 

The  4:-feet  opening  between  the  arch  girders  is  covered  by  a 
shutter  which  is  also  of  paper  stretched  over  a  wooden  frame. 
With  the  exception  of  about  two  feet  at  the  lower  extremity, 
this  shutter  is  in  a  single  piece.  Attached  to  its  sides  are  a 
series  of  iron  rollers  which  run  on  a  railway  track  of  band  iron 
laid  down  on  the  girders,  by  which  means  the  shutter  can  be 
moved  over  to  the  opposite  side  of  the  dome.  The  wooden 
sides  of  the  shutter  have  iron  flanges  attached  to  their  lower 
edges,  which  project  under  the  railway  tracks,  making  the 
whole  weather  proot  The  shutter  is  opened  and  cIose(i  by 
means  of  a  windlass  and  wire  ropa 

The  weiojht  of  the  dome  and  its  appurtenances  is  about  4,000 
pounds.  It  is  supported  on  six  8-inch  balls  which  roll  between 
grooved  iron  tracks,  and  can  be  easily  revolved  by  a  moderate 
pressure  applied  directly,  without  the  aid  of  machinery. 
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r.  VIL — On  the  Age  of  the  Clay -slates  and  Orils  of  Pough- 
keepsie;*  by  T.  Nelson  Dale,  Jr. 

^  Mather's  geological  sections  of  the  Hudson  River  valley f 
alternating  argillaceous  schists,  slates  and  grits,  on  both 
5  of  the  river,  in  the  vicinity  of  Poughkeepsie  are  assigned 
le  Hudson  River  Group.  This  term  was  originally  intended 
nclude  the  series  between  the  Utica  Slate  below  and  the 
ina  Sandstone  above.  These  rocks  would  thus  represent 
appermost  North  American  Lower  Silurian. 
I  the  geological  map  drawn  by  Logan  and  Hall,  and 
jnded  to  the  Report  of  the  Canadian  Geological  Survey, 
rocks  for  some  miles  on  both  sides  of  the  Hudson  River, 
h  of  Rondout  on  the  west  side  and  of  Rhinebeck  on  the 

side,  and  extending  southward  beyond  Poughkeepsie, 
designated  as  Calciferous  and  Quebec.  They  are  thus 
rred  to  the  middle  division  of  the  North  American  Lower 
rian. 

ana,  referring  to  this  subject,  observes  in  his  Manual  of 
logy,  ed.  1874,  on  page  184 :  **  The  extension  of  the  Que- 
group  southward,  along  the  west  side  of  the  Green  Moun- 

range,  covers,  according  to  Logan,  a  considerable  part  of 
V  York  east  of  the  Hudson,  the  rock  being  part  of  the  non- 
iiliferous  clay-slate  (formerly  called  Hudson  River  slate) 
ch  outcrops  near  Poughkeepsie,  etc.  The  area  is  divided 
the  w^est  from  tliat  of  the  true  fossiliferous  Fludson  River 
s  (or  Cincinnati  series,  as  now  called),  by  a  great  fault,  which, 
;inning  near  Quebec,  crosses  the  Hudson  near  Rhinebeck, 
;^en  miles  north  of  Poughkeepsie.  As  these  rocks  have 
)rded  no  fossils,  the  age  is  still  doubtful."  Again  on  page 
)of  the  same  work,  he  says,  under  the  head  of  Cincinnati 
och :  "In  New  York,  the  Hudson  River  beds  include  shales 
1  sandstonea  They  are  the  Lorraine  shales  of  Jeffersi)n 
unty  (the  Pulaski  shales  of  the  New  York  Annual  Reports), 
itaininff  some  thin  beds  of  limestone.  The  slates  alonir  the 
idson  River,  to  which  the  name  was  especially  applied,  have 
?n  proved  to  be  in  part  Primordial,  and  part,  probably  of  the 
lebec  series." 

These  rocks  have  therefore  been  first  assigned  to  the  Trenton 
ri(xl,  then  to  the  Canadian   Period  and  alterwards  deelnred 

A  paper  oontaioiDg  the  substance  of  this  article,  in  a  different  form,  and  enti- 
"  A  contribution  to  the  Paleontology  of  the  vicinity  of  Poughkeepsie,"  was 
1  by  the  author  before  the  Poughkeepsie  Society  of  Natural  Science  on  Decem- 
4th,  1 878,  and  is  being  published  in  the  Proceedings  of  that  Society. 
Nat  Hist  of  N.  Y.,  Part  IV,  Geology,  by  William  W.  Mather;  Plates  16,  18, 
46 
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unfossiliferous,  and  thus  a  question  has  been  raised  as  to  their 
real  age. 

In  the  spring  of  1878, 1  discovered  in  a  ledge  of  argillaceoas 
schist,  back  of  the  observatory  of  Vassar  College,  and  a  few 
rods  beyond  the  college  fence,  some  fossil  Brachiopoda. 
Shortly  afterward  I  found  others,  together  with  Crinoid  stems, 
at  the  first  ledge  of  glaciated  rock  on  the  Stormville  road,  be- 
tween Casper  Creek  and  the  first  limestone  ridge.  Again  in 
November  and  December  of  the  same  year,  in  ascending  the 
first  range  of  high  hills  which  rises  about  a  mile  west  of  the 
Hudson*  opposite  Poughkeepsie,  I  came  across  a  large  outcrop 
of  argillaceous  schist,  containing  an  abundance  of  Brachiopoda 
and  Crinoid  stems.  After  it  had  become  known  that  fossils 
were  to  be  found  in  the  vicinity  of  Vnssar  College,  several  of 
the  students  found  some,  and  Mr.  H.  Booth  of  Poughkeepsie, 
collected  a  number  of  Brachiopoda  and  Crinoid  stems  at  the 
ledge  back  of  the  observatory.  On  another  visit  to  the  localitj 
on  the  base  of  Marlborough  Mountain,  I  found  a  univalve  shell 
and  Fucoids. 

I  am  indebted  to  Mr.  James  Hall,  the  State  Paleontologist^ 
for  the  identification  of  the  fossils  from  these  localities.  Ther 
are:  Orthis  testudinaria  Dalm. ;  Orthis pectinfUa  Con,;  Lepiaena 
sericea  Sow.  ;  IStrophomena  alitrnata  Con.  ;  Buthotrephis  svbruh 
dosa  Hall. 

The  cast  of  the  univalve  hardly  admits  of  perfect  determina- 
tion, but  it  strongly  resembles  that  of  Bellerophoti  bifobatus. 
The  Crinoid  stems  measure  from  one  to  three  millimeters  in 
diameter.  There  are  from  thirty-five  to  forty  grooves  on  the 
ends,  radiating  from  the  central  tube  to  the  circumference; 
The  surface  is  round  and  smooth.  Casts  of  the  central  tube^ 
and  of  the  spaces  between  the  joints  are  preserved,  and  might 
easily  be  mistaken  for  stems  with  annular  corrugations  on  the 
exterior. 

In  some  parts  of  the  rock,  Crinoids  are  very  abundant,  in 
others  Orthis  testudinaria  forms  a  conglomerate.  Leplcena  seri- 
cea, Orthis  testudinaria  and  the  Crinoid  stems  are  characsteristio 
of  both  the  Vassar  College  locality  and  of  that  on  the  west  of  the 
Hudson.  The  Brachiopoda  are  represented  by  internal  casts, 
impressions  of  both  exterior  and  interior,  and  by  the  shell  itself 
in  a  greatly  altered  state.  Sometimes  the  calcareous  shell  is 
preserved  with  but  little  alteration.  The  more  minute  striae  of 
Leptana  sericea  can  be  counted  in  some  specimens.  Nearly  all 
the  fossils  are  more  or  less  distorted.  The  general  character  of 
the  rock  is  the  same  on  both  sides  of  the  river.  There  are 
irregular  alternations  of  grit,  clay  slate  and  shale,  in  some  placeSj 

*  I  take  this  hQl  to  be  a  continuation  of  what  Mather  calls  Marlborough  Moan- 
tains. 
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with  tbin  strata  of  limestone.     The  grit  is  sometimes  slightly 
calcareous. 

The  geological  significance  of  these   fossils   is   evident.     I 
qoote,  however,  from  Hall  :*  **  Orthis  lesiufiinaria  :  This  species 
rarely,  or  never,  appears  in  the  Utica  slate,  but  reappears  near 
the  middle  of  the  Hudson  River  shales,  and  continues  nearly 
to  their  termination,  being  abundant  at  Turin,  Lorraine,  Pu- 
laski, and  other  places.     Tt  is  more  rarely  found  in  the  vicinity 
of  the  Hudson  River  and  in  the  Mohawk  valley."   p.  288.    "Or- 
Ai8 pfvtin^lla :  This  species,  though  not  usually  abundant,  occura 
nevertheless  in  nearly  every  part  of   the  Trenton    limestone, 
though  unknown  to  me  in  the  Hudson  River  group."    p.  123. 
'^Lepicena  sericea :  The  thin  layers  in  the  lower  part  of  the  Tren- 
ton limest<^ne  are  often  entirely  covered  with  the  perfect  shells  or 
separated  valves  of  this  species.     It  occurs  in  all  localities  of  the 
Trenton  limestone.     It    also   reappears   in  the  Hudson  River 
group,    being  in    some   localities    very   abundant."     p.    110. 
^  iSlrophomena  alternaia :  This  is  one  of  the  species,  which,  com- 
mencing its  existence  prior  to  or  at  the  epoch  of  Trenton  lime- 
stone, continues  in  great  numbers  throughout  the  rock,  and, 
though  not  appearing  in  the  Utica  slate,  reiippears  in  the  Hud- 
son River  group  in  immense  numbers,  several  thin  strata  in  the 
upper  part  of  this  group  being  composed  almost  entirely  of  the 
shells  of  this  species."  p.  105.    The  occurrence  of  these  fossils  in 
these  localities  would  then  estiiblish  the  fact  that  the  clay-slates 
and  shales  in  the  vicinity  of  Poughkeepsie,  on  both  sides  of  the 
F  nver,  are  fossiliferous  and   that  they   very   probably   belong 
^  to  the  Hudson  River  group,  as  indicated  by  Mather  in  1  43, 
certainly  to  some  member  of  the  Trenton  Period.     These  facts 
also  speak  in  favor  of  the  retention  of  the  term  Hudson  River 
group  as  advocated  by  Hall.f 

Poughkeepsie,  K  Y.,  Dec.  12,  1878. 

Supplementary  Nofe, — A  visit  to  Marlborough  on  the  west 
bank  of  the  Hudson  River,  about  eight  milos  south  of  Pough- 
keepsie, has  just  yielded  the  following  results.  In  an  outcrop 
of art^illaceous  schist  near  the  river:  Orthis  te^iudinnria^  Orthis 
pectinel/n,  Leptcena  sericm  and  Crinoid  stems  In  a  slightly  cal- 
careous grit  at  the  southern  extremity  of  Marlborough  Moun- 
tain, there  called  Break-neck  Hill,  about  three  miles  west  of 
the  river  at  this  point :  Orthis  testadmaria, 

Poughkeepsie,  N.  Y.,  Dec.  16,  18T8. 

*N'at.  Tliat.  of  N.  Y.  Paleontolog^y,  vol.  i. 

f  See  Note  upoD  the  History  and  Value  of  the  term  Hudson  River  group  in 
American  Geological  Nomenclature,  by  James  Hall,  of  Albany,  N.  Y.,  in  Pro- 
ceedings of  the  Amer.  Ashoc.  Adv.  Sci.,  1877.     This  Journal,  vol.  xvi,  p.  482. 
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Art.  VIIL — On  the  Electrolytic  Estimation  of  Cadmium;  bv 

Edgar  F.  Smith,  Ph.D. 

In  a  recent  articlepublished  in  this  Journal  (vol.  xvi,  Sept, 
1878),  Professor  F.  W.  Clarke  calls  attention  to  the  estimation 
of  cadmium  by  electrolysis,  which,  however,  proved  unsuccess- 
ful— the  cadmium  being  indeed  thrown  out  of  the  solution,  bat 
in  such  a  form  as  to  enclose  impurities;  yielding  consequeotlj 
unsatisfactory  results. 

Out  of  curiosity  to  see  what  might  be  eflFected  by  substitut- 
ing some  other  salt  for  the  chloride,  I  employed  an  acetate  sola- 
tiori  and  met  with  success,  as  tlie  following  experiments  show: 

I.  '1450  grams  cadmium  oxide  were  dissolved  in  acetic  acid, 
the  excess  of  the  latter  evaporated  upon  a  water  bath  and  then 
the  platinum  crucible  about  half  filled  with  water  and  placed 
upon  a  copper  ring  connected  with  the  negative  pole  of  a  two- 
cell  Bunsen  battery,  while  joined  to  the  wire  leading  from  the 
positive  pole  was  a  strip  of  platinum  foil  extending  into  the 
acetate  solution.     The  deposition  of  the  cadmium  upon  the  pla- 
tinum crucible  was  regular  and  in  a  perfectly  crystalline  gray- 
ish white  layer.     In  about  three  hours  the  separation  was  com- 
pleta     The  cadmium  was  first  washed  with  distilled  water, 
then  with  alcohol,  and  finally  with  ether.     It  was  dried  over 
sulphuric  acid.     The  metallic  cadmium  weighed  *1270  grama, 
corresponding  to  8758  per  cent  Cd.     The  calculated  percent' 
age  ot  metal  in  the  oxide  is  87  60. 

II.  '2046  grams  cadmium  oxide  placed  in  a  small,  rather 
broad  platinum  crucible,  were  dissolved  in  acetic  acid,  and  after 
expelling  the  excess  of  the  latter,  water  was  added — the  solu- 
tion, however,  remaining  rather  concentrated.  The  platinum 
vessel  was  connected  with  the  negative  pole  of  a  bichromate 
battery.  To  the  copper  wire  of  the  positive  pole  was  attached 
a  platinum  wire  from  which  was  suspended  a  small  platinum 
crucible,  which  dipped  into  the  solution  in  the  larger  vessel 
The  space  between  the  walls  of  the  two  crucibles  was  not  more 
than  an  eighth  of  an  inch  ;  only  two  cells  of  the  battery  were 
employed.  The  deposit  of  the  cadmium  here  as  in  the  first 
experiment  was  perfectly  crystalline  and  metallic  in  appearance 
Not  the  slightest  trace  of  spongy  metal  was  visibla  The  sep- 
aration was  finished  in  about  tlie  same  time  as  in  (I).  The 
metal  was  washed  and  dried  as  above.  Found  '1790  grarae 
metal,  corresponding  to  87*48  per  cent  Cd. 

From  various  experiments  made  by  me  I  find  that  good 
results  may  be  obtained  constantly  by  observing  the  following: 
1st.  Work  with  rather  concentrated  solutions  of  the  acetate. 
2d.  Employ  a  sufiicient  number  of  cells  of  either  battery,  to 
give  a  rapid  and  rather  energetic  current. 

Laboratory  of  the  Uniyersity  of  Pennsylvania,  October  31,  1878. 


I 


Chemistry  and  Physics.  61 

SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

On  the  Neto  Element^  Philippium.  —  Delafontaink  has 
inced  the  discovery  of  a  new  element,  in  the  earths  obtained 
the  mineral  samarskite,  to  which  he  has  given  the  name 
^iuniy  after  Philippe  Plantamour  of  Geneva.  The  oxide 
?  new  metal,  phihppia,  having  the  symbol  PpO,  is  yellow 
iSLB  a  color  and  a  molecular  weight  intermediate  between 
k  and  terbia.  Admitting  it  to  be  a. protoxide,  the  atomic 
It  of  the  metal  would  be  between  90  and  95.  Philippium 
te  crystaUizes  easily  in  small  brilliant  rhomboidal  prisms  less 
ie  than  yttrium  formate.     The  oxalate  is  more  soluble  in 

acid  than  the  terbium  salt,  less  so  than  that  of  yttrium. 
litrate  becomes  dark  yellow  on  beating  it  to  fusion,  the  ter- 
aud  yttrium  salts  remain  colorless.  Concentrated  solutions 
ilippium  show  a  spectrum  containing  a  magnificent  absorp- 
3and  in  the  blae-indigo  (A =4500  about)  intense,  broad,  and 
defined,  which  is  characteristic  of  it,  not  being  found  in  the 
ra  of  terbium,  yttrium  or  erbium.  Two  other  narrower 
\  appear  in  the  green,  the  more  refrangible  of  which  appears 
ong  to  erbium,  the  less  to  philippium.  Observing  the  spec- 
of  terbium  solutions  with  sunlight  and  through  blue  glass, 
.k  band  was  observed  in  the  violet  (A  =4000  to  4050  about) 
balf  as  broad  as  the  philippium  band.  The  author  questions 
ler  it  really  belongs  to  terbium  as  Soret  supposes,  or  to  a 
'lement,  between  terbium  and  erbium. —  C,  /^.,  Ixxxvii,  559, 
1878.  G.   F.   R 

7n  the  New  Element,  Decipium. — Delafontaixk  has  reported 
iscovery  of  a  second  new  element  in  the  mineral  samarskite 
North  Carolina,  to  which  he  gives  the  name  decipium,  from 
iens,  deceiving.     The  oxide,  if  the  formula  DpO  be  assigned 

has  a  molecular  weight  of  122;  it  has  not  been  obtained 
ently  free  from  didymium  oxide  to  enable  the  author  to  say 
t  is  white,  though  its  salts  are  colorless,  the  acetate  crystal- 
easily,  being  less  soluble  than  that  of  didymium  but  more  so 
that  of  terbium.  Potassio-decipium  sulphate  is  but  slightly 
le  in  a  saturated  solution  of  potassium  sulphate,  though  it 
ve«  easily  in  water.  The  nitrate  gives  an  absorption  spec- 
consisting  of  at  least  three  bands,  in  the  blue  and  the  in- 

The  most  refrangible  of  these  is  a  little  less  broad  than 
of  philippium,  is  dark,  and  corresponds  in  its  center  to  a 
length  near  4160,  being  about  half  way  between  G  and  U. 
ler  didymium  nor  terbium  gives  bands  in  this  region.  The 
d  band  is  narrow,  intense,  not  defined  on  its  edges,  and  is 
?  less  refrangible  part  of  the  blue,  corresponding  to  a  wave 
1  of  4780 ;  nearly  in  the  same  place  as  one  of  the  didymium 
i,  but  far  more  intense.     Finally  a  little  to  the  right  and 
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nearly  to  the  limit  of  the  blue  and  green  is  an  appearance  of  the 
third.  The  earths  of  saraarskite  as  now  known  are  given  by  the 
author  in  the  following  tabular  form : 

Nunc.  Color.  Molec.  welgbt.  Waye  length  of  C^iane.  Iwai. 

Yttria  White  YO    =745  (Delafontaine)  None. 

Erbia  Rose  ErO  =  130  (Bunsen-CldYe)  520-62) 

Terbia  Orange  TbO  =  114-1 15    (Delafontaine-Marignac)  400  about 

Philippia  Yellow  PpO  =90  about  (Delafontaioe)  449  about 

Decipia  White  ?  DpO  =122  about  (Delafontaine)  4 1 6 

Thoria  White  Th09=267-5        (Delafontaine)  None. 

Didymia  Brownish  DiO  =112-114    (Marignac-Gdve)  572-47t 

Ceria  Pale  yellow 

He  also  calls  attention  to  the  numerical  relations  between 
the  atomic  weights,  thus :  Yttrium  =  68 ;  Philippium  :=  74  or 
68+2X8;  Terbium  98  or  68+5X8;  Decipium  106  ? or 68+6X8; 
and  Erbium=114  or  68+7X8. —  Ci?.,  Ixxxvii,  633,  Oct,  187a 

a  F.  B 

3.  On  the  New  Elenient^  3Iosandrtim,* — At  a  recent  meeting  of 
the  French  Academy  (November  25th,  1878),  a  note  by  Dr.  J. 
Lawrence  Smith  was  presented,  in  which  he  claimed  for  himadf 
priority  in  having  been  the  first  to  call  attention  to  the  absence  of 
cerium  oxide,  and  to  the  new  characters  of  certain  earths,  in  the 
North  Carolina  samarskite,  and  to  have  described  one  of  these 
under  the  name  Mosandrum. 

4.  On  (he  New  Element^  Ytterbium. — Marignac  has  described 
some  of  the  compounds  of  a  new  element,  found  in  the  Ytterby 
mineral  gadolinite ;  it  is  associated  with  yttrium  and  erbium,  and 
hence  called  by  him  ytterbium.  In  separating  the  earths  of  thii 
mineral,  he  heated  the  mixed  nitrates  until  they  became  pasty.  Ob 
treating  the  mass  with  boiling  water,  an  insoluble  residue  remained, 
in  which  the  erbium  was  concentrated.  Hy  repealing  the  operatioe 
many  times,  a  pure  rose  colored  earth  was  obtained,  which  was 
erbia,  the  atomic  weight  rising  to  that  of  erbium,  128  or  121. 
On  continuing  the  operation,  he  was  surprised  to  find  that  the  in- 
crease of  the  rose  color,  of  the  absorption  bands  and  of  the  atomie 
weight  which  at  first  kept  together,  finally  separated ;  the  atomie 
weight  slowly  increasing,  while  the  rose  color  and  the  bands  dimin- 
ished ;  so  that  the  last  product  was  perfectly  white,  its  salts  were 
colorless  and  its  spectrum  showed  no  absorption  bands.  TTie 
purest  product  gave  an  atomic  weight  of  130*8  ;  hence  181  maybe 
provisionally  adopted.  Ytterbium  nitrate  is  decomposed  by  nest 
without  coloration,  the  oxide  is  much  less  attackable  by  acids  thaa 
the  other  oxides  of  this  group,  the  sulphate  is  isomorphous  with 
those  of  yttrium  and  erbium,  redissolves  easily  and  completely  in 
a  saturated  solution  of  potassium  sulphate,  no  precipitate  beinff 
formed  on  boiling,  the  chloride  in  neutral  solution  is  not  precipitates 
by  boiling  with  sodium  hyposulphite,  the  formate  dissolves  in  le* 
than  its  weight  of  water  and  resembles  the  same  salt  of  yttriini 
and  erbium,  and  loses  its  crystal  water  at  100°.  These  propertiei 
distinguish  it  from  thorium,  the  only  element  of  this  kind  kdowi 

*  This  Journal,  xvi,  384,  November,  1878. 
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hose  atomic  weight  is  high.     Its  symbol  is  Yb. —  C,  A,  Ixxxvii, 
78,  Oct.,  1878.  G.  P.  a 

6.  On  a  Simple  Vapor  density  Method, — Victor  Mutbb  has 
roposed  a  very  simple  mode  of  approximate  vapor  density  de- 
iirnination,  dependent  on  the  measurement  of  the  air  expelled 
Y  the  vapor.  Me  uses  an  elongated  cylinder  of  about  lOu  c.  c. 
opacity,  closed  at  bottom  and  having  a  tube  of  some  length 
ttached  at  top,  in  the  side  of  which  is  a  lateral  tube  by  which 
le  air  may  be  conducted  to  a  graduated  tube.  The  vertical  tube 
I  to  be  closed  with  a  cork.  To  use  it,  the  apparatus  is  placed  in 
le  vapor  of  a  liquid  of  sufficiently  high  boiling  point,  or  even  in 
metallic  bath.  After  the  temperature  has  become  constant  and 
le  air  in  the  cylinder  has  finished  expanding,  the  end  of  the 
lieral  delivery  tube  is  placed  beneath  a  graduated  tube  full  of 
"ater,  the  cork  is  removed,  the  substance  dropped  through  the 
dbe  into  tb^  cylinder,  and  the  vessel  closed.  The  substance 
olatilizes  at  once  and  expels  its  own  volume  of  air  from  the  ves- 
el,  which  is  collected  and  measured  in  the  graduated  tube. 
Neither  the  capacity  of  the  vessel  nor  the  temperature  of  the 
lath  are  needed  in  the  calculation.  This  requires  only  the 
reieht  of  the  substance,  the  temperature  of  the  room,  the  height 
ii  the  barometer  and  the  volume  of  air  expelled.  The  results 
ire  close  enough  for  molecular  weight  determinations,  as  the  fig- 
ures given  show. — Ber,  HerK  (Jhem.  Ges,^  xi,  1867,  Nov.,  1878. 

G.  p.  B. 
6.    On  the  Separation  of  Zinc  from  Nickel, — Beilstein  has 
proposed   the  use  of  citnc  acid  in  the  analytical  separation  of 
nickel  from  zinc,  having  found  that  in  presence  of  citric  acid  and 
titrates,  zinc   is   completely  precipitated  by   hydrogen  sulphide, 
while  all  the  nickel  remains  in  the  solution.    The  solution  contain- 
ing the  two  metals,  which  must  be  quite  dilute  and  contain  them 
as  nitrates  or  sulphates,  is  treated  with  ammonia  to  ulkaline  reac- 
tion and  is  then  acidulated  with  pure  citric  acid.    Into  the  perfectly 
cold  solution,  hydrogen  sulphide  is  passt-d  lor  five  or  ten  minutes, 
or  until  it  strongly  smells  of  the  gas,  allowed  to  stand  for  an  half 
hour,  repeating  the  operation  until  the  odor  no  longer  disappears 
on  standing.     The  precipitated  zinc  sulphide  is  allowed  to  stand 
twenty-four  hours  in  the  cold,  is  filtered  off  and  weighed.     The 
filtrate  is  evaporated  to  a  small  bulk  and  from  it  the  nickel  is  pre- 
cipitated electrolytically.    The  separation  is  complete  as  is  shown 
by  the  examples  given. — Ber,  Berl,  (Jhem,  Ges,,  xi,  1715,  Oct., 

1878.  G.   F.   B. 

7.  On  the  formation  of  Purpureo-chromium  suits, — JOrgensen 
has  succeeded,  by  the  oxidation  of  an  ammoiiiaeal  solution  of 
cbromous  chloride  CrCI,,  in  producing  a  chloride  of  chloro-pur- 
pnreochromiura,  the  original  sky-blue  fluid  becoming  of  a  beau- 
tiful red  color.  The  formula  of  the  chloride  of  the  new  compound 
J8Cl,[Cr  fNH,)jJ('l^,  analogous  to  purpureocobalt  chloride,  which 
it  resembles  in  solubility.  From  aqueous  solutions  it  is  com- 
pletely precipitated  by  hydrochloric  acid.     Nitric  acid  produces 
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in  the  aqueous  solution  a  magnificent  carmine  red  chloro-nitrate 
of  the  composition  Cl,[Cr,(NTl^),J  (NO,)^.  In  the  solutions  of 
tliis  salt  the  chlorine  is  not  precipitable  by  silver  nitrate.  Pluosi- 
licic  acid  precipitates  a  silico-ttuoride  of  cldoropurpureochromimo, 
which  under  the  microscope  appears  isomorphous  with  the  corref- 
ponding  cobalt  salt.  The  author  has  evidence  of  the  existence  of 
roseo  and  luteo-chromium. — J,  pr,  Vh,^  II,  xviii,  248,  Nov.,  1878. 

G.    F.    & 

8.  On  the  Atomic  weight  of  Iridium. — Sbubert  has  ^e<^et€^ 
mined  with  great  care  the  atomic  weight  of  iridium,  by  igniting 
in  a  current  of  hydrogen,  ammonio-iridium  chloride  and  potasMO- 
iridium  chloride.  The  former  gave  as  a  mean  193-377  ;  the  latter 
193094;  the  mean  of  both  being  193-220,  H  being  0*9975;  or 
taking  il  as  1,  the  atomic  weight  of  iridium  is  192*744. — Btr, 
Btrl.  Chem.  6es.,  xi,  1707,  Oct.,  187^.  g.  f.  & 

9.  Preliminart/  Note  upon  the  nature  of  the  Ohemical  Ek- 
ments, — Mr.  Normax  Lockyek  has  addressed  the  following  note 
to  the  French  Academy  of  Sciences : — "  Reasoning  from  analogiei 
furnished  by  the  behavior  oi'  known  compounds,  I  have  ])roTed 
that,  inde])eudently  of  calcium,  many  bodies  hitherto  c-onsidered 
as  elements,  are  also  compound."  Mr.  Lockyer  promises  to  for 
ward  to  tlie  Academy  the  necessary  proofs  of  his  assertion."— 
Vonip.  Retid.,  No.  19,  p.  673,  Nov.,  1878.  j.  t. 

1  ().  J^henomena  of  Binaural  Audition. — Professor  Thomson,  of 
University  College,  Bristol,  England,  thus  sums  up  the  results  of 
his  investigation  upon  this  subject.  "  (a.)  There  is  an  interference 
in  the  perception  ol*  sound;  for  two  simple  tones  capable  of  intw- 
fering  arc  still  licard  to  interfere  when  conducted  separately  to  the 
two  cars.  (/>.)  When  two  simple  tones  in  unison  reach  the  ears  in 
oppohitc  phases,  the  sensation  of  the  sound  is  localized  at  the  back 
of  the  head,  (f.)  The  localization  of  this  acoustic  "image"  i> 
independent  of  the  pitch  of  the  sound,  (d.)  If  the  difference  of 
phaH(>  is  partial,  the  sensation  is  localized  partly  in  the  ears  and 
partly  at  the  back  of  the  head,  (e.)  If  the  difference  of  phase  he 
conipli'te  but  the  intensities  unequal,  the  acoustic  "image"  in- 
stea<l  of  being  at  the  middle  r)f  the  back  of  the  head,  is  nearer  that 
ear  in  which  the  sound  is  louder.  (/'.)  It  is  possible  to  discern 
ih(*  dilVerence  between  two  compound  tones  which  differ  only  in 
till'  phase  but  not  in  the  pitch  or  intensity  of  their  component 
iiurtnil  tones.  For  when  two  such  compound  tones  are  separately 
hrotight  to  the  eai-s  so  that  the  vibrations  of  any  partial  tone  pre- 
}»ont  reach  the  cars  in  opposite  phases,  that  particular  partial  toue 
lA  ninirjcd  out  and  localized  at  the  back  of  the  head,  (g.)  When 
i^o  siinplc  tones  are  led  simply  to  the  ears  no  differential  tone  is 
h\^rtl;  there  is  some  evidence  that  summational  tones  are  he.ird. 

>  ^  'l\»  Ijinanral  audition  dissonances  are  excessively  disagreeable 
^^l  oitliniiry  consonances  harsh,     (i.)    Vibrations  mechanically 

vttwx^'^l  \o  a  point  of  the  parietal  or  occipital  region  of  the  skull 
vi<  *i*l»*i  *****'  'MT^'^^-^^^y  ^^^'^^^^  "*  ^^*^  ^"*^^  ^^  ^"®  other  side  of 
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In  his  investigation  the  author  made  use  of  a  telephone,  which 
■  thus  seen  to  occupy  a  place  in  acoustic  researches. — Phil, 
Mag.,  Nov.,  1878,  p.  383.  j.  t. 

11.  On  the  Economy  and  Subdivision  of  the  Electric  Light. — 
Professor  Fabmbb  of  the  Torpedo  Station  at  Newport,  has  written 
a  letter  to  the  Salem  Observer,  calling  attention  to  the  fact  that 
the  parlor  of  his  house.  No.  11  Pearl  St,  was  lighted  everv  even- 
ing durine  the  month  of  July,  1850,  by  the  electric  light,  and 
that  this  electric  light  was  sulniividcd,  too.  Since  this  was  nine- 
teen years  ago,  it  was,  he  thinks,  undoubtedly  the  first  private 
dwelling  house  ever  lighted  by  electricity ;  a  fact  which  may  be 
I  aoorce  of  pride  to  the  city  of  Salem  some  of  these  days.  As 
ve  know  of  no  one  better  qualified  to  give  an  opinion  on  these 
important  questions,  we  give  the  latter  portion  of  Professor 
Farmer^s  letter: 

**'  A  ealvahic  battery  of  some  three  dozen  six-gallon  jars  was 
placed  in  the  cellar  of  the  house,  and  it  furnished  the  electric  cur- 
rent which  was  conveyed  by  suitable  conducting  wires  to  the 
nantle-piece  of  the  parlor,  where  were  located  two  electric  lamps, 
m  eacb  end  of  the  mantle-piece — -(I  should  not  wonder  if  the  pcrew 
^olee  were  there  at  this  day).  Either  lamp  could  be  lighted  at 
pleasure,  or  both  at  once,  by  simply  turning  a  little  button  to  the 
right  for  a  light,  to  the  left  for  a  dark.  No  matches,  no  danger, 
DO  care  to  the  household,  nor  to  anyone  except  to  the  man  who 
ittended  to  the  battery. 

This  light  was  noticed  as  being  soft,  mild,  agreeable  to  the  eye, 
and  more  delightful  to  read  or  sew  by  than  any  light  ever  seen 
before.  Its  use  was  discontinued,  at  that  time,  for  the  simple  rea- 
son that  the  acids  and  zinc  consumed  in  the  battery  made  the 
light  cost  about  four  times  as  much  as  an  equivalent  amount  of 
gas-light.  Now  that  we  can  have  cheap  electricity  from  the 
dynamo-electric  machine,  we  may  soon  expect  better  tnings  of  it. 
In  the  year  1876  I  subdivided  an  electric  current  into  forty-two 
different  branches,  putting  a  light  into  each  branch.  All  these 
lamps  were  supplied  with  electricity  from  one  machine,  which  did 
not  weigh  more  than  eight  hundred  pounds,  and  which  was  driven 
by  a  small  steam  engine. 

Now  a  word  as  to  the  cost  of  electric  light  as  compared  with 
light  from  gas.  Perhaps  on  the  average,  one  pound  of  illuminat- 
ing gas  win,  if  burned  in  an  hour  in  five  different  burners,  give 
fifteen  candle  lights  to  each  burner,  or  seventy-five  candle  lights 
in  all.  One  pound  of  illuminating  gas  possesses  a  sufiScient  store 
of  energy  to  enable  it  to  give  out  by  combustion,  from  eighteen 
thousand  to  twenty-one  thousand  units  of  heat,  or  the  equivalent 
of  from  thirteen  to  sixteen  million  foot-pounds  of  work.  This,  if 
homed  in  an  hour,  would  average  from  two  hundred  to  two  hun- 
dred and  sixty  thousand  units  of  work  per  minute,  or  say  from 
three  thousand  to  thirty-five  hundred  foot-pounds  per  minute  per 
candle  light. 
Now  a   very  large  electric  light,  say   ten  thousand  candles, 
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does  not  demand  or  consume  more  than  fifteen  or  twenty  fool- 
pounds  of  energy  per  minute  per  candle  light,  and  even  bo  smal 
an  electric  light  as  twenty  or  thirty  candles  need  not  coosumeio 
much  as  two  hundred  foot  pounds  per  minute  per  candle  light 
80  it  might  not  seem  very  extravagant  to  expect  that  one  poand 
of  gas  per  hour  could  he  humed  in  a  suitable  furnace  under  t 
proper  boiler,  and  steam  be  taken  from  this  boiler  to  a  steim 
engine,  and  this  engine  drive  a  magnetic  electric  machine  whiok 
lihould  supply  electricity  to  five  electric  lamps  that  would  dud 
forth  more  tight  than  could  be  given  by  five  of  the  best  gas  lampi 
known,  each  lamp  consuming  at  the  rate  of  one-fifth  of  a  pouM 
of  the  best  illuminating  gas  per  hour ;  and  this  would  not  be  hilf 
so  absurd  an  expectation  as  it  would  have  been  three  years  ago^ 
for  some  visionary  to  have  predicted  that  the  talking  Pbonogn|ik 
would  succeed  in  embalming  speech/' 
U.  8.  Naval  Torpedo  Station,  Newport,  E.  I.,  Oct  30,  1878. 

11.  Geology  and  Mineralogt. 

1.  Report  of  the  Geological  Survey  of  the  Fortieth  PanJH 
Clarence  King,  Geologist  in  charge:  Volume  I,  Systematk 
Geology,  by  Clabencb  King.  804  pp.  4to,  with  28  plates  ud  II 
analytical  geological  maps,  and  accompanied  by  a  geological  aii 
topographical  atlas.  Submitted  to  the  Chief  of  Engineers,  aii 
published  byorder  of  the  Secretary  of  War,  under  aathority  d 
Congress. — The  field  work  of  the  (jleological  Survey  of  the  4Ctt 
Parallel  commenced  in  1867,  and  continued  until  1873;  the  M 
less  important  labor  of  studying  the  material  collected,  arraosiBg 
for  publication  facts  observed,  and  drawing  conclusions  from  ma 
has  only  been  finally  concluded  during  the  past  year.  The  study  of 
the  geology  of  the  region  explored  was  carried  on  by  Mr.  King  and 
his  associates,  Mr.  Arnold  ilague  and  Mr.  S.  F.  Ednmons,  of  tht 
mining  districts  by  iMr.  J.  D.  Hague,  and  of  the  botany  by  Mr.  % 
Watson ;  the  topography  was  in  the  hands  of  Mr.  J.  T.  GardML 

The  area  covered  by  their  explorations  forms  a  belt  of  countij 
100  miles  wide,  from   north  to  south,  and  extending  from  the  ■ 
meridian  104°  west  in  a  direction  a  little  south  of  west  as  far  as  ] 
longitude  120°  west;  it  partly  encloses  the  40th  Parallel,  butneir - 
the  eastern  extremity  deviates  a  little  to  the  north  of  the  liiNi  ; 
Of  this  tract  of  country  Mr.  King  says,  in  the  opening  chapter  of  1 
his  volume  :  '^It  has  rarely  fallen  to  the  lot  of  one  set  of  obaervot  ] 
to  become  intimate  with  so  wide  a  range  of  Jiorizons  and  produotli  ^ 
Embracing  within  its  area  a  pretty  full  exposure  of  the  eaithV  ^ 
crust  from  nearly  the  greatest  known  depths  up  throi:^h  a  le^  ■. 
tion  of  125,000  feet,  taking  in  all  the  broader  divisions  ofgeolo|^  -i 
oal  time — a  section  which  has  been  subjected  to  a  great  sequeaos  • 
of  mechanical  violence,  and  can  hanllv  fail  to  become  claaaio  fuT  j 
its  display  of  the  products   of  eruption — this  Exploration  hi0  1 
actually  covered  an  epitome  of  geological  history.^'     It  should  te  ] 
added  that,  at  the  time  when  Mr.  Kuig's  party  took  the  field,  the  '• 
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^on  was  one  which  was  nDroapped,  unstudied,  and  of  which 
^thiDg  but  a  few  isolated  details  was  known.  The  vahie  of  the 
ork  accomplished  can  be  best  appreciated  when  the  difficulties 
liich  had  to  be  overcome  are  understood. 

The  several  volumes  of  the  Survey,  in  their  order  of  publication, 
e  as  follows: — Vol.  iii.  Mining  Industry,  by  James  D.  Hague, 
itli  geological  contributions  by  Clarence  Ein^,  1870.  Vol.  v, 
;>tany,  by  Sereno  Watson.  Vol.  vi.  Microscopical  Petrography, 
r  Feitiinand  Zirkel,  1876.  Vol.  ii.  Descriptive  Geology,  by 
mold  Hague  and  S.  F.  Emmons,  1877.  Vol  iv.  Part  1,  FalsBon- 
\<>gy<%  ^y  F.  B.  Meek;  Part  II,  Palaeontology,  by  James  Hall  and . 
.  iS  Whitfield;  Part  III,  Ornithology,  by  Robert  Ridgway,  1877. 
eological  Atlas,  containigg  ten  double  maps,  ]  878.  Vol.  i,  Sys- 
ma  tic  Geology,  hy  Clarence  King,  1878. 

The  concluding  volume  in  the  series,  now  published,  presents  a 
'Btematic  statement  of  the  geological  facts  taken  in  order  of 
logical  time,  collected  by  Mr.  King  and  his  associates,  Messrs. 
a^ue  and  Emmons,  with  the  conclusions  which  he  himself  has 
rawn  from  them.  The  detailed  presentation  of  these  facts,  in  their 
eo^raphical  order,  had  already  been  given  in  volume  ii,  on  De- 
iriptive  Greology  (noticed  in  this  Journal,  vol.  xvi,  p.  234).  In 
lUB  bringingtogether  in  a  single  volume  the  grand  results  of  his 
urvey,  Mr.  King  has  given  much  greater  and  more  permanent 
alne  to  the  labors  of  himself  and  his  associates.  The  clear  and 
ystematic  manner  in  which  both  the  facts  observed  and  the  the- 
ries  advanced  are  presented,  is  worthy  of  high  praise ;  Mr.  King^s 
;raceful  pen  never  showed  itself  to  better  advantage.  It  is  per- 
laps  unnecessary  to  add  that  the  appearance  of  the  volume  is  all 
that  euuld  be  desired ;  the  many  plates  are  executed  in  the  best 
manner.  An  especially  valuable  feature  of  the  volume  is  to  be 
found  in  the  series  of  geological  chartR,  one  of  which  accompanies 
ihe  description  of  each  formation  and  gives  the  distribution  of  the 
rocks  belonging  to  it.  In  another  number  we  expect  to  cite  some 
pages  from  the  work,  which  will  show  some  of  the  more  important 
eouclusions  reached. 

2.  Tenth  Annual  Meport  of  the    United  States  Geological  and 
Oeographical  Survey  of  the  TeiTitories,     Being  a  Report  of  Pro- 

r88  of  the  Exploration  lor  the  year  1876,  by  F.  V.  Hayden,  U. 
Geologist ;  546  pp.  8vo,  with  74  plates  and  3  large  maps. 
Washington,  1878. — This  large  and  valuable  volume  contains,  be- 
ndes  the  opening  letter  of  the  geologist  in  charge,  the  following 
reports:  Part  I,  by  C\  A.  White,  On  the  geology  of  a  portion  of 
Northwestern  Colorado;  by  F.  M.  Endlich,  on  the  geology  of  the 
White  River  District,  on  the  Mineralogy  of  Colorado,  and  on  the 
Eropted  rocks  of  Colorado ;  by  A.  C.  Peale,  on  the  geology  of  the 
Grand  River  District ;  by  W.  H.  Holmes,  on  the  geology  of  the 
Sierra  Abajo  and  West  San  Miguel  INIountains;  Part  II,  Topo- 
graphical reports  by  A.  D.  Wilson,  Henry  Gannett,  G.  B.  (  bii- 
tenden  and  6.  R.  Bechler;  Part  111,  On  Archfleology  and  Ethnol- 
ogy by  W.  M.  Holmes,  W.  H.  Jackson  and  W.  J.  Hoffman ;  and 
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Part  IV,  On  Cretaceous  and  Tertiary  plants  bvLeo  Lesqnereiiz: 
On  injurious  Insects  by  A.  S.  Packard,  Jr.  The  Archoologied 
reports  contain  detailed  descriptions  of  the  ancient  mins  in  South- 
western Colorado  and  adjacent  territories.  A  large  nnmber  of 
excellent  plates,  illnstratins  both  the  distribution  and  chaneCer 
of  the  cliff  houses,  and  also  the  remains  of  pottery  and  other 
implements  found  in  connection  with  them,  oeaidee  admirable 
plans,  sketches,  sections,  increase  the  value  of  the  reports.  The 
Keport  contains  also  two  beautiful  colored  geological  maps  of  i 
Colorado,  and  a  third  map  giving  the  drainage  of  the  Terntofj. 

3.  Bulletin  of  the  United  States  GeologiccU  Survey  of  the  ^h 
ritoriee;  F.  V.  Hatden,  Geologist-in-charge.  Vol.  iv,  No.  4.*— 
This  number  of  the  Bulletin  contains  ^papers  by  S.  H.  Scndderos 
the  fossil  Insects  of  the  Green  River  shales ;  by  D.  S.  Jordas  00 
Fishes  of  Dakota  and  Montana,  collected  by  Dr.  Cones ;  by  J.  W. 
Chickering  on  Plants  of  Dakota  and  Montana,  collected  by  Dr. 
Coues ;  by  F.  M.  Endlich  on  Erosion  in  Colorado  ;  by  C.  A.  Whill 
on  the  Laramie  Group ;  by  J.  A.  Allen  on  the  American  Seiori  or 
arboreal  squirrels.     An  index  to  volume  iv  closes  the  number. 

4.  On  the  Origin  of  Stylolitee ;  by  Edward  T.  Nklbok 
(Communicated.) — During  the  past  summer  while  spending  a  fint 
days  at  a  Post  of  the  Hudson^s  Bay  Company,  called  Ked  Rock,  flih 
uated  three  miles  above  the  mouth  of  Nipegon  River,  Lake  Si^ 
rior,  I  had  opportunity  for  observing  the  rormation  of  stylolites  ot 
a  grand  scale.  The  left  bank  of  the  river,  just  below  Nipegon  Htf 
ids,  is,  perhaps,  fifty  feet  in  height,  and  is  composed  of  strata  of 
fine  sand,  with  thin  intercalated  layers  of  clay.  Owing  to  4l 
protecting  influence  of  the  clay  the  face  of  the  bank  presents  I 
series  of  steps.  For  a  distance  of  some  hundreds  of  feet,  adl  - 
vertically  from  top  to  bottom,  the  surface,  at  the  time  of  ov 
visit,  was  covered  with  stylolitic  columns.  In  each  case  these  eot 
umns  reached  from  one  stratum  of  clay  to  the  next  below,  aal 
hence  varied  in  height  from  two  inches  to  as  many  feet.  DiniBg' 
the  first  afternoon  it  was  raining  gently.  The  water  falling  of«; 
the  edges  of  the  exposed  layers  of  clay  washed  the  sand  vertioati 
from  beneath.  In  this  way  each  stratum  of  sand  presented  As 
same  projections  and  crevices  as  its  covering  layer  of  clay,  il 
soon  as  the  sun  came  out  the  exposed  edges  of  the  styloBts 
became  covered  by  a  very  thin  pellicle  of  the  clay  and  were  ttaii 
preserved.  Wishmg  to  learn  whether  these  columns  became  wt 
ticiently  hard  to  stand  pressure,  I  removed,  very  gently,  portiflS.; 
of  the  talus  of  sand  from  the  base  of  the  hill  and  foana  witkh 
perfectly  preserved  columns.  The  inner  face  of  the  talus  wii| 
of  course,  the  exact  obverse  of  the  stylolites. 

Ohio  Wedeyan  University,  Oct.  22d,  1878. 

5.  Bowlders  in  Coal. — During  a  recent  geological  exoniBioo 
with  the  Senior  class  of  Denison  University,  I  found  at  No* 
Straitsville,  Perry  County,  Ohio,  a  bowlder  of  hard  gritty  saiil» 
stone,  ten  inches  in  diameter,  in  a  seam  of  coaL  It  was  coverei 
to  the  depth  of  one  foot  and  rested  upon  seven  feet  of  coal,  tbo 
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seam  beins  the  Nelsonville,  or  ''  Great  Vein/^  which  lies  two  to 
three  hnodred  feet  above  the  base  of  the  Coal-measures.  The 
roof  is  a  bluish  gray  shale  containing  the  usual  Carboniferous 
fosailfl. 

It  seems  improbable  that  this  bowlder  was  brought  into  the 
ancient  marsh  when  the  material  for  the  lower  seven  feet  of  coal 
bad  accumiilated,  and  was  then  covered  with  the  several  feet  of 
vegetable  matter  which  are  now  compressed  into  the  upper  foot 
of  coaL  The  Nelsonville  seam  has  a  wide  distribution  in  south- 
eastern Ohio  and  Kentucky.  It  is  the  most  reliable  and  persistent 
ooal  of  the  lower  productive  measures.  This  implies  that  the 
marsh  in  which  it  accumulated  was  very  widespread,  and  that  it 
long  retained  its  character  as  an  area  of  sluggishly  moving,  or 
stasnant  waters,  so  choked  with  rank  vegetation  that  drift-wood 
or  floating  ice  (if  any  such  thing  existed  m  that  age)  would  have 
no  chance  of  being  carried  far  over  its  surface.  But  it  afterward 
sank  beneath  a  shallow  sea,  muddy  with  the  sediment  which  is 
now  bacdened  into  the  roof  shales.  Sometimes  during  this  sub- 
mergence the  bowlder  was  dropped  upon  the  still  soft  and  yield- 
ing mass  of  vegetation  and  sank  into  it  to  a  considerable  depth. 
By  what  agency  it  was  transported  from  the  shores  of  that  ancient 
sea  to  its  present  resting  place  is  uncertain.  Two  similar  cases 
are  on  record,  and  two  eminent  Ohio  geologists  have  speculated 
upon  the  causes  of  the  phenomena.  Professor  E.  B.  Andrews 
(Keport  of  Progress,  1870,  p.  78)  mentions  a  large  quartzite 
bowlder  in  this  same  Nelsonville  seam  at  Zaleski,  Vinton  County, 
and  attributes  its  transportation  to  floating  ice.  Professor  J.  S. 
Newberry  (Ohio  Reports,  vol.  ii,  p.  174)  mentions  one  of  talcose 
slate  found  by  him  in  Coal  No.  2,  m  Mahoning  County,  and  opines 
that  it  was  brought  there  by  being  ^'  entangled  in  the  roots  of 
trees,  and  thus  floated  and  dropped."  Whatever  may  have  been 
the  buoyant  material  we  can  readily  conceive  that,  once  upborne 
upon  the  water,  these  bowlders  might  easily  have  been  driven  by 
winds,  or  carried  by  currents,  to  where  we  now  find  them,  and 
penetrated  the  material  of  the  coal  by  virtue  of  their  weight  and 
compactness,  while  the  mud  carried  b^  the  same  waters  spread 
over  the  coal  a  sheet  of  fine  sediment  without  mingling  with  it. 

GfanvUle,  Nov.  19ih,  1878.  .L.  B.  HICKS. 

6.  Ashbumer  on  OUrweU  Records  in  McKean  and  Elk  Conn- 
tieSj  JPennsylvanicL — In  a  citation  from  this  memoir  on  page  393 
of  the  preceding  volume,  the  sentence  reading  ^^  We  are  sure  that 
the  rocKs  maintain  a  constant  thickness  between  these  two  points," 
should  read  ^'  We  are  not  sure,"  etc. 

ni.  BoTAirsr  and  Zoology. 

1.  Flora  BraMiensU, — The  publication  has  made  great  pro- 
gress daring  the  year  1878.  In  February  appeared  fascicles  75 
and  76 ;  in  June  fasc.  77,  in  August  fasc.  78.  The  subjects,  in  order 
of  publication,  are: 

Mtppocrateaceoiy  by  Dr.  J.  Peyritsch,  Curator  of  the  Vienna 
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herbarium.     While  retaining  the  order,  it  is  remarked  that  one 
isomerouR  genus  makes  a  transition  to  Celaetracem, 

MeliacevB,  by  Casimir  DeCandolle,  who  has  recently  published 
a  monograph  of  the  whole  order  in  the  series  which  is  to  eon* 
tinue  and  supplement  the  Prodromus.  This  order  is  not  rery 
largely  developed  in  Brazil. 

HeaeraceoB^  by  E.  Marchal,  Professor  of  Botany  at  Brussels.  The 
Brazilian  species  belong  to  four  genera,  which  are  well  illustnitel 

LemnacecB^  by  Professor  Hegelmaier  of  Tubingen,  the  mono- 
grapher of  the  order.  The  three  genera,  Wo^ffia,  Lemna^  ani 
Spirodela  are  well  illustrated  in  a  single  plate,  and  the  anatomj 
and  moq)hology  are  fully  expounded. 

Ar(ice(B^  by  Frofessor  Engler,  late  of  Munich,  now  translated  to 
Kiel.  There  are  about  ninety  Brazilian  species  out  of  738  knowa 
to  the  monographer,  who  arranges  them  under  ten  snb-orden, 
and  the  larger  sub-orders  have  two,  three,  and  five  tribes.  Bui 
among  the  sub-orders  are  Pisticicem  and  Lemncu:em.  The  whob 
is  evidently  worked  out  conscientiously,  and  is  admirably  iDo»- 
trated  by  fifty-one  plates,  which  abound  in  analyses.  One  of 
them  is  a  photograph  of  magnified  stem-sections. 

RafflesiacedB,  by  Uount  Solms-Laubach,  Professor  at  Strassburg. 
In  Brazil  are  two  known  species  of  Apodanthes  and  four  of  /\fe*> 
ti/les.    The  single  plate  of  illustrations  is  excellent. 

NymphcpacecB^  by  Professor  Caspary  of  Koenigsberg,  are  amplj 
and  well  illustrated.  Three  folio  plates  are  given  to  Nympim 
ampla  and  its  varieties,  six  to  other  species,  and  two  to  Vabami^ 
and  some  details  of  Victoria.  Three  typical  species  of  CahonA$ 
are  described,  and  the  character  of  U.  Caroliniana^  with  M 
descriptive  details  is  given  in  a  foot-note.  The  Nelumbium  rf 
South  America  proves  to  be  N'.  lateum;  and  the  Japanese  Jf. 
imeiferum  is  thought  to  be  hardly  different.  Thr«^  species  rf 
Victoria  are  indicated,  but  with  doubts  as  to  their  distinctnesL 
One  of  the  ten  tropical  American  species  of  NymphmcL^  viz:  iK 
ampla,  well  marked  by  having  the  carpels  separate  through  tht 
center  and  cohering  otily  dorsally,  reaches  Texas. 

Cucurbitaceop.  are  elaborated,  with  much  detail,  by  A,  Cogni* 
aux,  a  Belgian  botanist.  Introductions  included,  there  aretwentf* 
nine  Brazilian^  genera,  and  one  hundred  and  eleven  speeidi 
arranged  under  the  series  proposed  in  Beutbam  and  Hookei'l 
Genora  Plantarum.  Eicbler  is  followed  in  placing  the  order  next 
to  Campanulaceie,  a  reversion  to  the  ideas  of  Bemhard  Jussiei 
and  Adanson.  Cucurbita  Pepo  is  thought  to  be  of  Asiatic  origm; 
perhaps  rightly.  But  our  Indians  had  it,  along  with  NiediaiUi 
ruHtica,  which  is  certainly  an  old-world  species.  EchinocyHii'^ 
still  mixed  up  with  Megarrhiza — a  wholly  distinct  genus, — and 
with  two  Brazilian  plants  which,  we  venture  to  say,  are  not  cofr 
geners  of  the  true  Jbkhinocystis,  The  order  is  here  illustrated  bf 
thirty-oight  plates.  a.  g. 

2.  Hkkk:  Flora  FoSitilU  Arcfica.  Tome  v.  1878. — This  new 
volume,  like  most  of  its  pre<lecessors,  is  composed  of  separate 
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irs,  some  here  first  printed,  some  extra  issues  from  academic 
kctions  and  the  like.  The  first  paper,  on  the  Miocene  Flora 
innelPs  Land  (with  nine  plates  and  a  map  and  sketch),  is 
ally  printed  at  Zurich.  The  two  following  papers,  on 
an  and  Eastern  Asian  fossil  plants,  are  from  the  Memoirs 
3  Imperial  Academy  of  St.  Petersburg ;  the  remaining  two 
>m  the  Memoirs  of  the  Royal  Swedish  Society  at  Stockholm, 
lostrate  the  Miocene  flora  of  Sachalin  and  the  Cordaites  of 

Zembla.    There  are  numerous  figures.     The  first  named 
most  interests  us,  by  the  announcement  of  the  discovery  of 
mains  of  a  Miocene  Spruce  of  the  Tsuffa  group,  i  e.,  allied 
T    Hemlock  Spruce;    also  of  the  veritable  Silver  Fir  of 
>e !  A.  G. 

lEpping  Forest^  and  how  beat  to  deal  with  ity  is  an  article  in 
ortnightly  Review  for  November  last,  and  separately  issued, 
LFBED  R.  WiiLLACB.  It  urgcs — uow  that  the  ground  which 
ncient  forest  in  the  neighborhood  of  London  covered,  and 
rt  still  covers,  is  consecrated  by  act  of  Parliament  for  the 
ition  and  enjoyment  of  the  public  forever — that  the  large 

portions  shall  be  replanted  in  a  way  that  may  exemplify 
reproduce,  separately,  the  several  kinds  of  forest  of  the 
em  hemisphere.  Even  some  forests  of  the  temperate  por- 
of  the  southern  hemisphere — of  New  Zealand,  for  instance, 
be  hopefully  planted.  The  complete  feasibility  and  the 
interest  of  this  project  are  well  set  forth,  and  are  fortified 
le  authority  of  this  Journal.  Mr.  Wallace,  who  is  exceed- 
well  qualified  to  judge,  adopts  fully  the  theoretical  views 
I  are  maintained  in  recent  articles  of  this  Journal,  as  to  the 

of  the  poverty  of  Europe  in  indigenous  trees,  in  comparison 
North  America  and  Eastern  Asia,  and  her  own  Tertiary 
I ;  and  would  reclaim  for  England  the  trees  and  shrubs  of 
1  she  was  long  ago  deprived  by  icy  fate.  a.  g. 

Die  Algenflora  des  Weiaseu  Jueeres  ;  by  Dr.  Cristoph  Gobi. 
•.  from  Mem.  Imp.  Acad.  Sciences,  St.  Petersburg,  vol.  xxvi, 
). — The  above  named  paper  is  the  first  detailed  account  of 
lg«  of  the  White  Sea.  The  species  are  principally  those 
.  throughout  the  Arctic  Ocean ;  but  Dr.  Gobi  remarks  that 
Bgetation  of  the  southern  part  of  the  White  Sea  has  a  more 
em  character  than  that  of  the  northern  pait ;  which  is 
ined  by  the  statement  that  many  forms  of  Western  Europe 
I  make  their  way  to  the  northern  part  do  not  extend  to  the 
em  part  of  the  White  Sea.  Dr.  Gobi  unites  a  considerable 
•er  of  species  considered  by  Agardh  and  others  to  be  dis- 

even  regarding  Rhodomda  lycopodioides  as  a  form  of  It. 
sca^  and  Polyaiphonia  arctica  as  a  variety  of  P,  variegata. 
^ophyUis  veprecula  Ag.  is  referred  to  R.  dichotoma  Lepechin. 
>aper  contains  valuable  references  to  the  species  of  Ruprecht 
;  St.  Petersburg  Academy's  herbarium.  w.  <;.  f. 

North  American  Fiingi:  Fungi  America?ii^  Centuries  1 
TI ;  by  H.  W.  Raven  el  and  m!  C.  Cooke.     North  Ameri- 
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can  Fungi;  by  J.  B.  Ellis. — SiDce  the  Fungi  CaroUnimi 
Fknccati  by  UaveneL  the  last  volume  of  which  appeared  in  1860| 
a  large  number  of  new  species  of  fungi  have  been  described  bjr 
writers  in  Europe  and  this  country,  only  a  small  namber  of 
which  have  ever  been  issued  in  any  of  the  series  of  ExfliccBti, 
which  have  in  recent  years  become  uncomfortably  numeroiUb 
Several  American  species,  to  be  sure,  have  been  published  in 
ThQmen^s  Mycotheca  Universalis,  but,  comparatively  spemkii^, 
the  number  is  small.  From  the  nature  of  the  plants  them8el?6i| 
and  the  fact  that  many  mycologists  remote  from  one  another  in 
constantly  describing  new  species,  many  of  which  are  founded  on 
verv  minute  distinctions,  it  is  very  much  to  be  desired  that  u 
authentic  series  of  American  fungi  should  be  in  the  hands  of 
leading  mycologists  of  Europe  and  this  country.  For  this  reason, 
if  for  no  other,  we  welcome  the  fasciculi  just  issued  by  MesttS. 
Ravenel  and  Cooke,  and  that  by  Ellia 

The  first  series  named  includes  specimens  collected  in  Geoigii 
and  Florida  by  Mr.  K.  W.  Ravenel,  whose  Fhingi  CanAiniwid 
have  made  his  name  familiar  to  all  students  of  fungi.  The  dete^ 
mination  of  the  species  and  their  arrangement  has  been  under 
taken  by  the  well-known  British  mycologist,  Mr.  M.  C.  CookcL 
The  series  will  include  about  four  hundred  species,  pablished  in 
centuries,  at  the  rate  of  twenty-one  shillings  each.  Americsa 
orders  may  be  addressed  to  H.  W.  Ravenel,  Aiken,  S.  C.  The 
series  includes  a  number  of  new  species,  which  are  being  described 
in  the  current  numbers  of  Grevillea, 

The  second  of  the  series  named  is  issued  by  Mr.  J.  B.  Ellis,  of 
Newfield,  N.  J. ;  and  the  first  century  contains  species  collecled 
by  him  in  the  vicinity  of  Newfield,  including  a  number  of  the 
new  species  described  by  Cooke  and  Ellis  in  Grevillea,  and  by 
Ellis  and  Von  ThQmen  in  the  Torrey  Bulletin.  Mr.  Ellis  intends 
in  the  succeeding  centuries  of  his  work  to  include  species  from  all 
parts  of  the  United  States,  and  has  secured  the  aid  of  seveni 
mycologists  in  different  parts  of  the  country,  who  will  furnish 
specimens  and,  at  times,  descriptions  of  species.  So  far  as  ii 
practicable,  an  efibrt  will  be  made  to  place  in  the  same  fasciculns 
onlv  plants  belonging  to  the  same  order,  so  that  the  student  will 
find  a  large  suite  of  related  species  placed  near  together  for  com* 
parison.  Century  II  will  contain  pnncipally  ABcomycetes^  by  Mr. 
Ellis,  and  Century  III,  Uredi'neUhy  W.  G.  Farlow.  The  seriei 
will  include  common  as  well  as  rare  forms,  and  it  is  to  be  hoped 
that  it  may  become  for  this  country  what  Rabenhorst's  Ftutgi 
EurttpcBi  is  for  Europe.  Each  fasciculus  is  neatlv  bound  in  t 
form  similar  to  that  of  Rabenhorst's  Fungi,  and  is  sold  at  the 
rate  of  ti.OO.     Orders  can  be  sent  to  J.  B.  Ellis,  Newfield,  N.  J. 

W.  O,  F. 

6.  JTie  Early  Types  of  Insects;  by  Samuel  H.  SouDDSBi 
(Abstract  of  a  paper  read  before  the  National  Academy  of  Sci- 
ences, November  5,  1878). — The  earliest  remains  of  insects  from 
the  Paleozoic  rocks  were  announced  in  1835  by  Audooin  and 
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>rda.  Since  then  many  authors,  especially  Gennar  and  Golden- 
ii^,  have  added  to  our  knowledge,  until  now  perhaps  one  hun- 
«a  species  are  known.  Yet  insect  remains  in  the  older  strata 
ay  stul  be  looked  upon  as  the  greatest  rarities,  and  by  far  the 
n^r  part  of  them  are  known  to  us  only  by  their  wings. 
it  18  of  course  of  prime  importance  that  we  should  understand 
e  relative  subordination  of  the  larger  groups  in  insects  before 
veetigating  their  order  of  succession  in  time ;  for  one  of  the 
incipal  difficulties  in  attempting  to  harmonize  their  structural 
id  geological  relations  has  been  in  the  erroneous  views  which 
kve  been  maintained  of  the  relative  rank  of  the  suborders  of 
exapods  and  of  their  division  into  series.  The  author  con- 
ndea  for  the  accuracy  of  Packard's  classification,  which  sepa- 
ted  them  into  Metabola  and  Heterometabola,  the  former  includ- 
g  the  Hymenoptera,  Lepidoptera  and  Diptera ;  the  latter  the 
oleoptera,  Hemiptera,  Orthoptera  and  Neuroptera,  the  arrange- 
ent  being  in  a  descending  order.  He  was  also  inclined  to  agree 
ith  Dohm  in  his  estimate  of  the  ordinal  value  of  the  peculiar  com- 
nation  of  characteristics  in  Eugereon  and  other  early  insects  and 
» accept,  but  with  somewhat  different  limits,  the  term  Palaeodicty- 
yterm  applied  to  this  group  by  Goldenberg.  He  discussed  the 
mes  of  appearance  and  relative  abundance  of  the  different  subor- 
?r8  of  Hexapods  and  concluded  with  the  following  recapitulation : 
( 1.)  With  the  exception  of  the  few  wings  of  Hexapods  known 
om  the  Devonian,  the  three  orders  of  insects — Hexapods, 
rachnids  and  Myriapods — appeared  simultaneously  in  Carbonif- 
x)as  strata.  (2.)  All  Carboniferous  and  Devonian  insects  are 
eterometabola,  the  Metabola  making  their  first  appearance  in 
arassic  strata.  (3.)  Many  synthetic  or  comprehensive  types 
cisted  in  Paleozoic  times,  combining  the  characters  either  of  all 
le  Heterometabola ;  of  Orthoptera  and  Neuroptera ;  or  of  Neu- 
>ptera  proper  and  Pseudoneuroptera.  (4.)  The  Devonian  insects 
ther  belong  to  comprehensive  types  related  to  the  two  lower 
iborders  only,  or  are  low  Pseudoneuroptera  ;  and  were  undoubt- 
ily  aquatic  in  early  life.  (5.)  The  lower  suborders  of  Heterome- 
kbola  (Orthoptera  and  Neuroptera)  were  much  more  abundant 
I  Paleozoic  times  than  the  higher  (Coleoptera  and  Hemiptera). 
\.)  Nearly  all  the  Paleozoic  Orthoptera  belonged  to  the  lower, 
onsaltatorial  families,  and  are  almost  exclusively  cockroaches, 
r.)  The  Neuroptera  proper  were  at  that  time  much  rarer  than 
le  lower  Pseudoneuroptera.  (8.)  All  the  earlier  types  were 
lerefore  of  inferior  organization.  (9.)  The  general  type  of  wing 
fracture  in  insects  has  remained  unaltered  from  the  earliest  time. 
10.)  With  the  exception  of  two  species  of  Coleoptera,  the  front 
nd  hind  wings  of  Paleozoic  insects  were  similar  and  membran- 
118.  (11.)  The  series  of  facts  presented  to  us  by  the  progress  of 
;eological  research  leads  to  the  conviction  of  the  probable  exist- 
nee  and  possible  discovery,  in  the  Devonian  and  even  in  the 
•ilarian  formation,  of  winged  insects,  still  more  generalized  in 
tmcture  than  any  yet  detected  in  the  Paleozoic  rocks. 
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It  may  fiirther  be  added  that  nearly  all  the  earlier  insects  were 
large,  many  of  them  gigantic  in  size ;  and  further,  that  there  is  i 
striking  similarity  between  the  Carboniferous  insect  faona  of 
Europe  and  North  America. 

IV.   Astronomy. 

1.  Constants  of  the  Terrestrial  Spheroid. — In  the  Astron.  Naeh., 
No.  2,228,  Professor  Listing  gives  the  following  results  of  hii 
determination  of  the  constants  of  the  earth's  figure : 

a     =  6,377,377"-  L    =  990-9948~'»' 

b      =  6,355,270«'-  /*   =  993-5721"»°»- 

i?    =  6,377,000™-  r    =  996-1495"*"- 

Q^  =  10,017.660"-  ff    =  9-780728'"- 

Q    =  10,000,205"-  ^  =  9-806165"- 

w     =  288-4800  g*   =  9-831603"- 

Also  in  general,  I  =  990-9948  -f  5-1547  sin^^, 

g  =  9-780728  +  0060876  sin»^. 

In  these  expressions  a  =  equatorial  rad.,  b  =  polar  rad.,  iZs 
{a^b\jf^  or  mean  radius,  Q^  =:  equatorial  quadrant,  Q^meridisB 
quadrant;  mj  =r  a -J- (a  —  6),  or  eccentricity  of  merid.  sectdon; 
Iq,  I*  and  r  are  the  lengths  of  the  second's  pendulum  at  the  equr 
tor,  45®.  and  pole ;  g^j  g*  and  g\  the  force  of  gravity  at  the  equfr 
tor,  45°  and  polo;  and  I  and  g  the  corresponding  values  at  iDf 
latitude  (p,  H.  A«  N. 

2.  Failure  of  yfeteorsfrom  Bidah  Comet  in  1878. — Mr.  K  T. 
Sawyer  writes  from  Cambridge  as  follows,  under  date  of  Decem- 
ber 9th : — As  far  as  my  observations  show,  the  expected  shower 
of  Biela's,  proved  a  complete  failure.  1  carefally  looked  for 
meteors  conformable  to  a  radiant  near  y  Andromedae  on  the  fol- 
lowing dates :  -November  23,  24,  26,  29,  30,  and  December  6,  7, 
and  8.  The  watches  each  evening  varied  from  one  to  four  houn 
in  duration,  and  aggregate  about  seventeen  hours  in  all.  Cloud? 
weather  interfered  with  watching  for  a  week  previous  to  the  230, 
with  the  exception  of  a  few  minutes  on  the  2 1st,  also  on  the  25tk, 
27th,  28th,  and  December  1st,  2d,  3d,  4th,  and  5th.  Strone  moon- 
light also  prevented  the  recording  of  faint  meteors  after  Novem- 
ber i'9th.  During  the  seventeen  hours  or  more  of  watching,  only 
three*  meteors  were  mapped  radiating  with  any  certainty  from  the 
deduced  center  near  y,  and  these  paths  prolonged  backward 
meet  exactly  at  R.  A.  25°  and  42®.  Of  the  three  recorded,  two 
were  seen  during  the  four  hours'  watch  on  the  26th.        h.  a.  n. 

3.  Abriss  der  PraktUchen  Astronomie^  von  Dr.  A.  Sawttbcu, 
translated  into  German  from  the  2d  Russian  edition,  by  Dr..C.  F. 
W,  liters,  assistant  in  the  Observatory  at  Kiel.  848  pp.  Bvo, 
Wilhelm  Mauko,  Leipzig,  1879. — The  first  edition  of  this  work, 
translated  from  the  liussian  by  Dr.  Gotze  in  1850,  has  been  for 
near  thirty  years  a  standard  work  for  the  subjects  embraced  in  it 
It   is  devoted  principally    to    the    instruments    and    processes 
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mployed  in  the  determination  of  latitades  and  longitudes.  It 
toee  not  describe  the  fixed  instniments  of  the  observatory,  and  is 
herefore  more  complete  in  respect  to  portable  ones. 

The  present  edition  has  been  quite  fully  revised,  the  changes  in 
Dstruments  and  improvements  of  methods  having  required  con- 
iderable  changes  in  the  matter.  The  Repsold  vertical  circle  and 
he  Ertel  universal  instrument  are  especially  described.  The  more 
ecent  methods  of  utilizing  solar  eclipses  for  determination  of 
ongitude  replace  the  older  ones.  h.  a.  n. 

V.  Miscellaneous  Scientific  Intelligence. 

1.  Intenyjtional  Oeologiccd  Congress. — The  American  Asso- 
nation  for  the  Advancement  of  Science,  at  its  meeting  in  Buffalo, 
August,  1876,  appointed  an  international  Committee  charged  with 
;he  organization  of  an  International  Geological  Congress,  to  be 
leld  in  Paris  during  the  Exhibition  of  1878.  This  committee, 
xrhich  consisted  of  James  Hall,  W.  B.  Rogers,  J.  S.  Newberry,  J. 
W^.  Dawson,  T.  Sterry  Hunt,  R.  Pumpelly  and  C.  H.  Hitchcock, 
¥ith  the  addition  of  T.  H.  Huxlev,  Otto  Torell,  and  E.  H.  Von 
Baumhauer,  then  present  at  Bufl&lo,  chose  James  Hall  for  its 
chairman  and  T.  Sterry  Hunt  for  its  secretary.  A  circular  in 
rarious  languages  was  at  once  issued,  urging  the  importance  of 
;be  proposed  congress,  for  the  consideration  of  which  various 
>oint8  were  suggested,  and  recommending  the  bringing  together 
it  the  exhibition  of  collections  illustrating  the  geology  of  all  coun- 
;rie8.  The  assurances  of  cooperation  received  by  the  secretary  were 
»uch  that  after  a  few  months,  the  Geological  Society  of  France  took 
ip  the  matter  in  connection  with  the  international  committee,  and 
laming  a  local  committee,  of  which  Hubert  was  president  and 
Fannettaz,  secretary -general,  issued  July,  1877,  a  circular  embody- 
ng  the  suggestions  of  the  first  committee.  This  was  followed 
)y  a  second  circular,  dated  February,  1878,  fixing  the  opening  of 
he  Congress  for  the  29th  of  August.  The  local  committee  also 
>repared  a  catalogue  of  all  the  materials  of  geological  interest 
n  the  Exhibition,  as  well  as  of  all  the  public  and  private  collec- 
ions  of  Paris,  which  were  thrown  open  to  the  members  of  the 
Congress. 

The  Congress  was  opened  on  the  day  appointed  in  the  palace 
)f  the  Trocadero,  the  Minister  of  Public  Instniction  for  France, 
)residing  on  the  occasion,  and  six  daily  sessions  were  held,  with 
flebert  for  pre^iid en t,  assisted  by  numtTous  vice-presidents  selected 
*rom  the  various  nationalities.  The  whole  number  of  members 
jnrolled  was  828,  of  which  about  250  were  present.  American 
geology  was  represented  by  James  Hall,  G.  H.  Cooke,  J.  P.  Les- 
ey,  T.  Sterry  Hunt,  W.  P.  Blake,  E.  D.  Cope,  and  T  C.  Cham- 
)erlin,  and  by  Selwyn  from  Canada. 

The  first  session  was  devoted  to  structural  and  dynamical  geol- 
ogy and  included  among  others,  papers  by  Daubroe  and  Alphonse 
<avre,  both  giving  results  of  experiments  relative  to  the  origin  of 
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fractures  and  foldings  of  the  earth's  crust.  These  were  followed 
by  Lory  on  the  structure  of  the  Alps,  by  de  Chaiicourtois  on  the 
coordination  of  the  lines  and  veins,  and  by  De  Lapparent  on  the 
foldings  of  the  Chalk  as  disclosed  by  the  examinatioos  for  the 
tunnol  beneath  the  streets  of  Dover. 

In  the  second  session,  James  Hall  discussed  the  history  of  Uie 
rise  and  progress  of  the  nomenclature  of  the  Paleozoic  rocks  in 
North  America,  and  of  the  various  geological  maps,  while  Renevier, 
de  Chancourtois  and  Huguenin  submitted  their  plans  for  the  use  of 
colors  and  signs  in  mapping.  Stephanesco  and  Rutot  discussed 
the  value  of  geological  subdivisions  and  the  bases  of  a  uniform 
geological  nomenclature  for  all  countries,  while  Vilanova  set  forth 
his  plan  of  a  general  dictionary  of  geology. 

In  the  third  session,  Sterry  Hunt  presented  a  memoir  on  the  up- 
per and  lower  limits  of  the  Cambrian  series,  and  was  followed  bjr 
BaiTande  on  the  same  subject.  Von  Mceller  then  discussed  the 
constitution  of  the  Carboniferous  series  in  different  regions  of 
Europe,  and  its  relations  to  Devonian  and  Permian,  and  was  soo- 
ceeded  by  Lesley  on  the  same  questions  as  presented  in  Pennsjrl- 
vania,  and  by  V^lain  on  the  relations  of  tne  Trias  and  lias  in 
France. 

In  the  fourth  session,  Cope  discussed  the  relations  of  the  b(m- 
zons  of  fossil  verebrates  in  Europe  and  America,  and  was  followed 
by  Albert  Gnudry  and  by  Matheson  on  the  same  subjects  De 
Mortillet  presented  his  views  on  the  Quaternary  formationfli  and 
Alpli.  Favre  discussed  the  hypothesis  of  former  glacial  periods. 
Van  der  Broeck  and  Buviguier  discussed  the  agency  of  meteoric 
phenomena  in  the  alterations  of  rocks,  and  W.  r,  Blake  presented 
and  described  a  geological  map  of  the  United  States  of  America. 
The  origin  of  volcanoes  was  then  considered  by  Virlet  d^Aonst, 
after  which  the  local  admixtures  of  organic  remains  of  different 
horizons,  giving  rise  to  what  have  been  called  colonies  is  alike  in 
Jurassic  and  Devonian  strata,  was  discussed  by  Choffat,  Renevier 
and  Gosselet. 

In  the  fifth  session,  DesCloizeaux  and  Michel  Levy  discussed 
various  questions  as  to  the  feldspars  in  crystalline  rocks,  their  chem- 
ical composition  and  microscopic  character,  and  were  followed  by 
Sterry  Hunt,  on  the  constitution  of  the  plagioclase  feldspar,  while 
Jannetaz  treated  of  the  geological  importance  of  the  propagation 
of  heat  in  rocks,  considered  with  reference  to  their  structure  and 
their  origin.  Sterry  Hunt  then  gave  a  description  of  the  great 
groups  of  crystalline  stratified  rocks  found  in  North  America,  in- 
cluding Laurentain,  Norian,  Iluronian,  Mount  Alban  and  Taco- 
nian,  and  compared  them  with  similar  groups  in  Europe.  He  was 
followed  by  Selwyn  on  the  same  subject.  Szabo  discussed  the 
eruptive  Tertiary  rocks  of  Hungary,  examining  the  question 
whether  mineral  composition  can  serve  to  show  the  ages  of  such 
rocks.  Velaine  contributed  an  account  of  the  trachytes  of  the 
Reunion  island  and  Ribeiro  and  of  the  Tertiary  basalts  of  Port- 
ugal. 
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Iti  the  sixth  and  last  session  of  the  Congress,  on  the  4th  of  Septem- 
ber, a  communication  by  Bouijot  was  presented  on  the  supposed 
emptive  limestones  of  Algeria,  and  one  on  some  glacial  phenom- 
ena of  the  Great  Lakes  district  of  North  America,  by  Chamberlin, 
while  Fuchs  stated  the  views  of  several  members  of  the  Con- 
gress on  the  system  of  coloring  geological  maps.  The  President 
then  announced  the  decision  of  the  Council  that  the  acts  of  the 
Congress  are  to  be  published  in  a  volume  under  the  direction  of 
the  secretaries,  the  cost  being  generously  defrayed  by  the  national 

fovemment.  A  second  International  Geological  Congress  will  be 
eld  at  Bologna  in  Italy,  in  October,  1881,  under  the  honorary 
presidence  of  Sella,  president  of  the  Accademia  dei  Lincei  of  Rome, 
and  a  local  committee  of  ten  Italian  geologists  has  been  named, 
charged  with  the  organization  of  the  Congress,  of  whom  Prof. 
Capellini  of  Bologna  will  probably  act  as  secretary.  The  gov- 
ernment of  the  King  of  Italy,  through  the  ambassador  at  Paris,  at 
once  promised  its  high  patronage  to  the  future  Congress,  and  the 
manicipality  of  Bologna  sent  a  message  of  welcome. 

The  work  of  the  next  congress  b  referred  to  two  international 
committees ;  ihe  first  of  which  will  be  charged  with  the  unifica- 
tions **  des  figures  g^ologiques,*'  that  is  to  say,  of  all  colors  or  signs 
employed  on  geological  maps  and  plans.  The  second  is  charged 
with  the  unification  of  geological  nomenclature,  under  which  will 
be  considered  all  questions  relating  to  classification,  as  well  as  the 
▼mine  and  significance  of  mineralogical,  lithological  and  paleon- 
tological  characters  embracing  the  most  important  problems  in 
geoloffy*  ^^or  these  two  international  committees  one  member  is 
named  for  each  country,  whose  duty  it  will  be  to  organize  therein 
local  committees,  and  to  make  known  the  composition  of  these  as 
soon  as  possible  both  to  the  Secretary-General  of  the  late  Con- 
gress, ana  to  the  local  committee  of  the  future  one.  Reports  by 
these  several  committees  are  to  be  sent  before  the  first  of  January, 
1881,  to  the  Italian  local  committee  of  organization,  who  will 
cause  them  to  be  printed  and  distributed  before  the  meeting  of 
the  Congress. 

The  members  of  the  international  committee  on  maps  are  as 
follows :  United  States,  Lesley ;  Canada,  Selwyn  ;  Great  Britian, 
Ramsay;  France,  de  Chancourtois ;  Belgium,  Dupont;  Switzer- 
land, Kenevier ;  Italy,  Giordano ;  Spain  and  Portugal,  Ribeiro ; 
Hungary,  von  Hautken ;  Russia,  von  Moeller ;  Scandinavia, 
ToreTl. 

The  international  committee  on  nomenclature  and  classification  is 
thus  composed:  United  States,  James  1 1  all;  Canada,  T.  Sterry 
Hunt ;  Great  Britain,  T.  McKenna  Hughes ;  France,  Hebert ;  Bel- 
gium, Dewalque;  Germany,  Ferd.  Romer;  Switzerland,  Alph. 
Favre;  Italy,  Capellini;  Spain  and  Portugal,  Vilanova;  Hungary, 
Ssabo;  Roumania,  Stephanesco;  Russia,  Inostranzefi*;  Scandina- 
via, Lundgren ;  Australia,  Liversidge. 

In  addition  to  the  above  a  local  committee  was  named  in 
Prance  to  discuss  for  the  next  Congress,  the  rules  to  be  observed 
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in  the  nomenclature  of  species,  consisting,  for  paleontology,  of 
Cotteau,  Douville,  Gaudry,  Poniel,  Gosselet  and  de  Saporta,  and 
for  mineralogy  and  litliology,  of  DesCloizeaux  and  Januettaz.  The 
report  of  the  committee  of  the  American  Association  in  1876,  on 
biological  nomenclature,  presented  by  Cope  to  the  Congress,  was 
n»ferred  to  the  above-named  committee.  The  general  language  of 
the  proceedings  was  of  course,  French,  but  communications  made 
in  English  were  interpreted  by  MM.  Barrois  and  T.  Sterry  Hunt, 
and  will  be  duly  translated  for  the  published  acts  of  the  C^ngreMi 

T.  8.  H. 

2.  National  Academy  of  l^lefices, — At  the  session  of  the  Na- 
tional Academy  of  Sciences  in  New  York  City,  November  5-8, 
1878,  the  following  papers  were  presented. 

Hbnby  Dbapeb. — The  Solar  Eclipse  of  July  29,  1878. 

S.  H.  ScuDDER. — The  early  types  of  insects. 

C.  S.  Peibce. — ^The  acceleration  of  gravity  at  initial  stations. 

W.  P.  Tbowbiudoe. — The  inapplicability  of  the  old  theory  of  the  turbine  mSm- 
wheel  to  the  newer  constructions  instituted  by  Boyden  ft  Francis. 

A.  A.  Aqassiz. — (I.)  The  embryology  of  the  gar-pike. — (2.)  Arrangement  oft 
zoological  marine  laboratory  at  Newport,  R.  F. 

Klias  Looms. — Contributions  to  Meteorology:  the  storms  of  the  Atlantic  Ooen. 

11.  L.  Abbott. — (I.)  Biographical  memoir  of  Prof.  D.  II.  Mahan. — (2.)  Value o( 
photography  in  the  study  of  instantaneous  phenomena,  illustrated  by  photograpbi 
of  torpedo  explosions. 

Benjamin  Alyori). — Continuation  of  paper  presented  at  the  April  meeting,  On 
the  intersection  of  circles  and  the  intersection  of  spheres. 

Stephkn  Alexander. — (1.)  On  the  eleventh  axiom  of  Euclid  and  a  propond 
demonstration  of  the  same.— (2.)  Recapitulation  of  some  of  the  author*8  views  on  the 
origin  of  the  forms  and  present  state  of  many  clusters  of  stars  and  of  sevenl 
nebulffi,  the  source  of  solar  heat,  and  drift  of  the  stars. — (:{.)  Brief  notice  of  tbe 
total  solar  eclipse  of  January  II,  1880.^4.)  On  certain  modifications  of  tbe 
Schehallien  experiments,  and  of  the  Cavendish  experiment. 

Geoboe  Davidson. — Instruments  of  precision  at  the  Paris  Exposition. 

J.  S.  Newberry. — (1.)  On  some  remains  of  new  fossil  fishes  and  their  relation 
to  living  forms.— (2.)  On  some  mooted  points  in  American  GkK)logy. 

0.  N.  Rood. — (l.)  On  a  quantitative  analysis  of  white  light — (2.)  Note  ob    i 
Henry's  theory  of  color.  j 

E.  D.  Cope.  —On  tlie  characters  of  the  Theromorphous  Reptilia  and  Stegocephi'     j 
lous  IJatrachia. 

C.  A.  YouNO. — Measures  of  the  diameter  of  Mercury  by  a  new  method,  made  it 
the  transit  of  May  6,  1878. 

A.  Hyatt. — Some  remarks  on  an  investigation  on  the  laws  of  heridity  undtf" 
taken  by  the  Board  of  Health  of  Massachusetts. 

At  the  same  session  on  November  6,  the  x\cting  President  sub- 
mitted the  following  Report  of  the  Co?nmittee  a/ppoiated  to  con- 
sider the  Scientific  Purveys  of  th^  Ihritories  of  the  United  StaUes- 
The  Report  was  adopted  by  the  Academy. 

The  Committee  of  the  National  Academy  of  Sciences,  to  whom 

lits  been  referred  the  consideration  of  the  following  requirement 

flf  law  contained  in  the  Act  making  appropriations  for  Sundry 

CWil  expenses  of  the   Government   for  the   fiscal   year  ending    | 

J       afl  1879.  and  for  other  purposes,  approved  June  20,  1S78, 

^Am  the  National  Academy  of  Sciences  is  hereby  required  at    . 
meeting  to  take  into  consideration  the  methods  and 
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)ense6  of  conducting  all  surveys  of  a  scientific  character  under 
J  War  or  Interior  department,  and  the  surveys  of  the  Land 
ice,  and  to  report  to  Congress  as  soon  thereailer  as  may  be 
icticable  a  plan  for  surveying  and  mapping  the  Territories  of 
^  United  States  on  such  general  system  as  will,  in  their  judg- 
nt,  secure  the  best  results  at  the  least  possible  cost ;  and  also 
recommend  to  Congress  a  suitable  plan  for  the  publication  and 
tribution  of  reports,  maps^  and  documents,  and  other  results  of 
?  said  surveys," 
bmitted  the  following  report : 

Fhe  Committee  consider  that  the  field  of  inquiry  proposed  to 
i  Academy  is  intended  to  embrace  only  such  surveys  as  pertain 
the  public  domain.  They  have  not  included  in  their  plan  of 
^anization  surveys  and  investigations,  however  scientific  in 
thod  and  character,  which  apply  solely  to  engineering  workn, 
;h  as  the  improvements  of  nvers,  harbors,  lakes,  etc. ;  the  irri- 
tion  and  drainage  of  public  lands,  reclamation  of  tidal  lands, 
1  protection  of  alluvial  regions  from  floods.  Such  surveys  and 
'estigations,  being  inseparably  connected  with  engineering 
>blems,  should,  in  the  judgment  of  the  Committee,  be  conducted 
the  Engineer  Corps  of  the  Army.  Nor  do  the  Committee 
rommend  any  change  in  the  organization  of  the  Survey  of  the 
eat  Lakes,  as  this  is  now  nearly  completed, 
rhe  works  which  seem  to  fall  especially  within  the  limits  of 
i  meaning  of  the  law  are :  the  Geographical  Surveys  west  of  the 
e  hundredth  meridian,  under  the  War  Department ;  the  United 
ites  Geographical  and  Geological  Surveys  of  the  Territories 
d  of  the  Rocky  Mountain  region,  under  the  Interior  Department; 
d  the  system  of  Land  Surveys,  under  the  supervision  of  the 
nd  Office,  Besides  these,  although  not  enumerated  in  the  law, 
e  of  the  most  important  works  now  in  progress  in  the  interior, 
der  Act  of  Congress,  is  the  geodetic  work  of  the  Coast  and 
iodetic  Survey.  Parties  of  this  organization  are  now  coiiduct- 
^  a  systematic  trianguliition  at  several  points  in  the  interior, 
d  any  general  system,  such  as  is  contemplated  in  the  above 
y,  cannot  be  wisely  devised  without  taking  into  account  the 
ject  and  organization  of  this  survey.  The  objects  of  these 
rious  surveys  are:  (1.)  An  accurate  geodetic  survey.  (2.)  A 
neral  geographical  and  topographical  reconnoissance.  (3. )  Land 
rcelling  surveys,  on  which  the  Government  can  part  title  to 
rtions  of  the  public  domain.  ^4.)  The  economic  classification 
d  valuation  of  the  public  domain.  To  these  should  be  added, 
e  gradual  completion  of  a  general  accurate  topographical  map 
the  whole  Territory  of  the  United  States,  which  shall  serve  as 
)a8i8  for  all  the  scientific  and  practical  needs  of  the  Government 
d  the  people.  All  this  work  may  be  included  under  two  distinct 
d  separate  heads:  (1.)  Surveys  of  mensuration.  (2.)  Surveys 
geology,  and  economic  resources  of  the  soil. 
We  wiU  first  consider  the  present  operations  of  the  surveys  of 
Dsuration.     Such  surveys  are  now  m  progress  under  five  dif- 


80  MisceUaneotis  Intelligence. 

ferent  independent  organizations :  that  of  the  Coast  and  Geodetic 
Survey ;  of  the  Geographical  Surveys  west  of  the  one  hundredth 
meridian,  under  the  War  Department ;  of  the  topographical  work 
of  the  two  surveys  under  tne  Interior  Department;  and  of  the 
Land  Survey  under  the  Land  Office.  The  final  object  of  all  these 
works  of  mensuration  is  the  accurate  determination  of  position, 
and  the  laying  down  of  lines  and  points  by  measurement.  There 
is  at  present  no  coordination  between  these  five  surveys.  Their 
original  determinations  of  position  are  independent ;  their  systems 
of  survey  discordant ;  their  results  show  many  contradictions,  and 
involve  unnecessary  expenditure.  The  geographical  reconnois- 
sances  carried  on  under  the  War  and  Interior  Departments  are  of 
little  value  for  the  parcelling  of  land,  while  the  land  surveys  are 
of  correspondingly  slight  topographical  and  geographical  valu& 
The  operations  ot  the  Coast  and  Geodetic  Survey  in  the  interior 
do  not  at  present  include  topography  and  land  parcelling.  To 
attain  the  desirable  accuracy,  and  economy,  it  is  aosolutely  essen- 
tial that  there  should  be  only  one  geodetic  system,  one  topo- 
graphical system,  and  one  land  parcelling  system,  all  conducted 
under  the  same  head.  It  is  evident  that  Doth  topographical  and 
land  parcelling  surveys,  to  be  properly  coordinated  and  sufllciently 
exact,  must  be  based  upon  a  single  rigid  geodetic  foundation. 
All  these  three  divisions  are  departments  of  measuring ;  all  are 
based  upon  accurate  determinations  of  position ;  and,  to  be  effect- 
ively and  economically  carried  out,  should  be  united  into  one 
comprehensive  system. 

Alter  a  careful  consideration  of  the  facilities  at  the  disposal 
of  the  several  existing  organizations  engaged  in  this  work,  the 
Conmiittee  believe  that  the  Coast  and  Geodetic  Survey  is  prac- 
tically best  prepared  to  execute  the  entire  mensuration  system 
required.  Within  the  public  domain,  the  dominant  interest  of 
the  United  States  is  centered  in  the  public  lands  which  remain 
to  be  surveyed  and  sold.  The  administration  of  these  lands, 
consisting  of  1,101,107,183  acres,  is  necessarily  within  the  De- 
partment of  the  Interior,  while  the  Coast  and  Geodetic  Survey, 
having  been  originally  inaugurated  to  meet  the  wants  of  com- 
merce, has  been  hitherto  under  the  Treasury  Depaitment.  In 
view  of  the  paramount  importance  of  the  public  lands,  the  Com- 
mittee recommend  that  the  Coast  and  Geodetic  Survey  be  trans- 
ferred from  the  Treasury  Department  to  the  Department  of  the 
Interior,  retaining  its  original  field  of  operations,  and  assuming, 
also,  the  entire  mensuration  of  the  public  domain ;  and  that,  so  mod- 
ified and  extended,  it  hereafter  be  known  as  the  United  States  Coast 
and  Interior  Survey.  This  organization  would  then  embrace,  in 
addition  to  its  former  work,  a  geodetic  survey  of  the  whole  public 
domain,  a  topographical  survey  comprising  detailed  topographical 
work  and  rapid  reconnoissance,  and  land  parcelling  surveys. 

The  Superintendent  of  the  Coast  and  Interior  Survey  should 
be  appointed  by  the  President,  and  should  report  directly  to  the 
Secretary  of  the  luteiior. 
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The  best  interests  of  the  public  domain  require  for  the  purposes 
of  intelligent  administration  a  thorough  knowledge  of  its  geo- 
logical structure,  natural  resources,  and  products.  The  domain 
embraces  a  vast  mineral  wealth  in  its  soils,  metals,  salines,  stones, 
clays,  etc.  To  meet  the  requirements  of  existing  laws  in  the  dis- 
position of  the  agricultural,  mineral,  pastoral,  timber,  desert,  and 
swamp  lands,  a  thorough  investigation  and  classification  of  the 
acreage  of  the  public  domain  is  imperatively  demanded.  The 
Committee,  therefore,  recommend  that  Congress  establish,  under 
the  '  Department  of  the  Interior,  an  independent  organization,  to 
be  known  as  the  United  States  Geological  Survey,  to  be  charged 
with  the  study  of  the  geological  structure  and  economic  resources 
of  the  public  domain  ;  such  survey  to  be  placed  under  a  Director, 
who  shall  be  appointed  bv  the  ^President,  and  who  shall  report 
directly  to  the  Secretary  of  the  Interior. 

It  should  be  specially  provided  that  the  Director  and  members 
of  the  Geological  Survey,  charged  as  thej  are  with  the  investiga- 
tion of  the  natural  resources  of  the  public  domain,  shall  have  no 
personal  or  private  interests  in  the  lands  or  mineral  wealth  of  the 
region  under  survey,  and  shall  execute  no  surveys  or  examina- 
tions for  private  parties  or  corporations. 

Officers  of  the  Army  and  Navy,  when  not  otherwise  employed, 
might  be  detailed  by  the  Secretary  of  War  or  of  the  Navy  to 
take  part  in  the  operations  of  either  survey. 

With  the  inauguration- of  the  two  surveys  above  defined,  the 
Committee  recommend  a  discontinuance  (I)  of  the  present  Geo- 
graphical and  Geological  Surveys  west  of  the  one  hundredth 
meridian,  under  the  War  Department,  except  surveys  necessary 
for  military  purposes  and  local  internal  improvements;  (2)  of  the 
Geographical  and  Geological  surveys  now  in  progress  under  the 
Department  of  the  Interior;  and  (3)  the  present  Land  surveys 
unaer  the  Land  Office. 

The  effect  of  the  above  changes  will  be  to  maintain  within  the 
Interior  Department  three  distinct  organizations ;  (1)  the  Coast 
and  Interior  Survey,  whose  function  will  embrace  all  questions  of 
position  and  mensuration ;  (2)  the  United  States  Geological  Sur- 
vey, whose  function  will  be  the  determination  of  all  questions 
relating  to  the  geological  structure  and  natural  resources  of  the 
public  domain;  (3^  the  Land  Office,  controlling  the  disposition 
and  sale  of  the  puolic  lands,  including  all  questions  of  title  and 
record.  With  this  division  should  be  secured  a  perfect  co5rdina- 
tion  and  cooperation  between  the  three  branches.  The  Land 
Office  should  call  upon  the  Coast  and  Interior  Survey  for  all  sur- 
veys and  measurements  required  for  the  sale  and  disposition  of 
land.  The  Land  Office  should  also  call  upon  the  United  States 
Geological  Survey  for  all  information  as  to  the  value  and  classifi- 
cation of  lands.  The  results  of  all  the  mensuration  surveys,  as 
soon  as  completed,  should  be  immediately  available  for  the  Land 
Office,  and  for  the  Geological  Survey,  and  for  other  branches  of 
the  Government  as  required.     The  Geological  Survey  should  be 
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authorized  to  execute  local  topographical  surveys  for  special  pu 
poses,  such,  for  instance,  as  the  subterraneous  surveys  of  minin 
districts  and  metallic  deposits,  etc. 

£ach  of  the  three  organizations,  thus  defined,  should  make  \ 
annual  report  of  its  operations  to  the  Secretary  of  the  Interio 
The  publications  of  the  Land  Office  should  embrace  reports  of  i 
business  operations  relating  to  tKe  disposition  and  sale  of  lao 
together  with  the  necessary  maps.  The  publications  of  the  Coa 
and  Interior  Survey,  besides  the  annual  report  of  operation 
should  consist  of  its  geodetic  results,  geographical,  topograplic 
and  cadastral  maps,  coast  charts,  and  such  discussions  and  treatb 
connected  therewith  as  the  Superintendent  shall  deem  of  vahi 
The  publications  of  the  Geological  Survey  should  consist  of  i 
annual  report  of  operations,  geological  ana  economic  maps  illn 
trating  the  resources  and  classification  of  the  land,  reports  ape 
general  and  economical  geology  in  all  its  branches,  with  U 
necessarily  connected  paleontology. 

All  collections  made  by  the  Coast  and  Interior,  and  the  Ge 
logical  Surveys,  when  no  longer  needed  for  the  investigations  i 
progress,  should  be  transferred  to  the  National  Museum. 

The  Committee  recommend  that,  upon  the  organization  of  tl 
United  States  Coast  and  Interior  Survey  and  the  United  Stat 
Geological  Survey,  a  commission  be  formed,  to  consist  of  tl 
Commissioner  of  the  Land  Office,  Superintendent  of  the  Coi 
and  Interior  Survey,  Director  of  the  United  States  Geologic 
Survey,  the  Chief  of  Engineers  of  the  Army,  and  three  oth 
persons  to  be  appointed  by  the  President,  who  shall  take  in' 
consideration  the  codification  of  the  present  laws  relating  to  tl 
survey  and  disposition  of  the  public  domain  ;  and  who  shall  repo 
to  Congress  within  one  year  a  standard  of  classification  and  val 
ation  of  the  public  land,  together  with  a  system  of  laud  parcellii 
survey.  The  necessity  of  this  commission  is  evident  from  the  li 
that  by  far  the  larger  part  of  the  public  domain  lies  in  the  r^ 
where,  from  geological  and  climatic  causes,  the  lands  are  for  t] 
most  part  not  valuable  for  field-culture ;  and  where  the  system 
homestead  preemption  and  sale  in  accordance  with  existing  lai 
is  both  impracticable  and  undesirable. 

In  regard  to  publications  of  the  two  surveys  above  defined,  tl 
Committee  recommend  that,  besides  the  number  of  copies  of  eft 
report  which  Congress  may  order  for  its  own  distribution,  thr 
thousand  copies  be  published,  for  scientific  exchanges  by  the  heai 
of  these  surveys,  and  for  sale  at  the  price  of  publication ;  that  i 
literary  and  cartographic  material  received  by  the  heads  of  the 
surveys  in  exchange  be  the  property  of  the  United  States,  ai 
form  a  part  of  the  libraries  of  the  two  organizations ;  that  tl 
money  resulting  from  the  sale  of  these  publications  be  coven 
into  the  Treasury.  The  Committee  recommend  that  the  anno 
reports  of  operations  of  the  two  surveys  accompany  the  report 
the  Secretary  of  the  Interior;  that  the  special  memoirs  and  repoi 
of  both  surveys  be  issued  in  uniform  quarto  series ;  that  the  st; 
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d  scale  of  the  cartographic  publications  be  determined  by  the 
ad  of  each  organization,  so  as  to  express  the  scientific  results  in 
^  most  effective  and  economical  manner. 
All  of  which  is  respectfully  submitted: 

O.  C.  Marsh,  Vice  President^  and  Acting  President 

James  D.  Dana,  William  B.  Rogers,  J.  S.  Newberry,  W. 
Trowbridge,  Simon  Newcomb,  Alex.  Agassiz,  Members  of 
5  Committee. 

[This  Report  was  submitt^  to  Congress  at  the  opening  of  the 
esent  session  and  referred  to  the  Committee  on  Appropnations.l 

3.  N'ew  York  Academy  of  Sciences. — Nos.  1  to  4  of  the  Annals  oi 
e  New  York  Academy  of  Sciences  (late  Lyceum  of  Natural  His- 
ry),  extending  to  128  pages,  8vo,have  been  published.  They  cou- 
ld papers  by  H.  C.  Bolton,  on  the  application  of  organic  acids  to 
e  examination  of  minerals;  on  prehistoric  Bronze  bells  from  Japan, 
»-  H.  S.  Munroe ;  on  the  variations  in  Lepidodendron  and  Sigil- 
ria,  by  H.  L.  Fairchild;  on  new  species  of  Birds,  by  G.  N.  Law- 
nce ;  on  the  literature  of  titanium,  by  E.  J.  Halfock ;  on  new 
»8ils  of  the  Upper  Silurian  of  Port  Jervis,  by  S.  F.  Barrett ;  on 
w  fossil  fishes  of  the  Trias,  by  J.  S.  Newberry ;  and  they  are 
ustrated  by  nine  plates,  six  of  them  by  H.  L.  Fairchild.  Dr. 
ewberry  describes  Diplurus  longicaudatus^  from  Boonton,  N.  J., 
d  Ptycholepis  Marshii^  from  Durham,  Conn. 

4.  Anales  de  la  Oficina  Meteorologica  Argentina/  por  su 
irector,  B.  A.  Gould.  Tome  1.  Clima  de  Buenos  Ayres.  4to, 
K  5i3,  and  17  plates.     Buenos  Ayres,  1878. — This  first  volume 

Annals  of  the  Meteorological  Bureau  of  the  Argentine  Republic 
ntains  the  first  four  annual  reports  of  the  Director.  Following 
ese  are  tables  exhibiting  the  peculiarities  of  the  climate  of  the 
fy  of  Buenos  Ayres.  The  materials  for  this  discussion  are  quite 
II  records  of  meteorological  observations  since  1856,  and  less 
mplete  ones  during  scattered  years  from  1801  to  1856.  The 
incipal  part  of  the  computations  were  made  by  Dr.  Gutermann. 
le  results  are  very  tnlly  exhibited  in  the  plates.  In  the  future 
»lumes  of  the  Annals,  Dr.  Gould  expects  to  give  the  observa- 
>ns  made  at  numerous  other  points  in  the  Republic,  with  discus- 
>n8  of  them. 

5.  Science  News. — A  new  scientific  periodical,  under  the  editor- 
lip  of  Ernest  IngersoU  and  W.  C.  Wyckoff',  and  published  fort 
ffhtly  by  S.  E.  Cassino,  at  Salem,  Mass.     Each  number  is  to . 
»Dtain  at  least  sixteen  pages  octavo  of  reading  matter,  and  it» 
?culiar  feature  is  stated  to  be  "  the  prompt  publication  of  scicr 
5c  news."     No.  1   (November  1st),  contains  short  articles   by 
r.  C.  C.  Abbott,  Professor  F.  W.  Clarke,  Dr.  Elliott  Coues  and 
hers ;  Nos.  2  and  3  are  chiefly  occupied  with  abstracts  of  papers 
ad  at  the  recent  meeting  of  the  National  Academy  of  Sciences. 

6.  An  American  Oeoltgical  Railway  Guide^  giving  the  geo- 
gica  I  formation  at  every  railway  station^  with  jtotes  on  interest- 
\g  places  on  the  routes^  and  a  description  of  each  of  the  forma- 
7ns;  by  Jambs  MacfabIxAne,  Ph.D.     216  pp.  8vo.     New  York, 
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1879.  (D.  Appleton  A  Co.) — The  scope  and  geueral  object  of  thk 
work  are  well  stated  in  the  above  title.  It  occupies  a  decidedlj 
new  place  among  handbooks  of  travel  and  contains  a  great  amoiiot 
of  int'ormation  in  a  very  condensed  form. 

7.  Essentials  of  Chemistry^  Inorganic  and  Organic^  for  the  %m 
of  Shidents  in  Medicine  ;  by  R.  A.  Witthaus.  New  York,  1878, 
18mo,  pp.  267.  (William  Wood  &  Co.)— The  author  has  skillMj 
condensed  the  '*  Essentials  of  Chemistry,"  for  the  Medical  studenti 
into  a  vest-pocket  catechism,  wbiok  fulfills  well  the  object  for 
which  his  little  volume  has  been  prepared. 

8.  Handbook  of  Alabama:  A  complete  index  to  the  State; 
with  a  geological  map  and  an  Appendix  of  useful  tables,  by 
Saffold  Beuney. — This  volume  contains  a  valuable  outline  oL 
the  geology  of  Alabama,  with  a  geological  map  of  the  State,  bf 
Eugene  A.  Smith,  Ph.D.,  State  Geologist. 

The  Amateur*8  Handbook  of  practical  Information  for  the  Workshop  and  111 
Laboratory:  containing  directions  for  bronzing,  lacquering,  polishing  metal, ct& 
44  pp.  12mo.    New  York,  1878.  (The  Industrial  Publication  Compan]^ 

On  the  Structure  of  the  Stylasterids.    A  family  of  Hydroid  Stony  Oorala,  bf  E 
N.  Moeeley,  F.R.S.,  late  Naturalist  on  board  H.  M.  S.  Challenger,    (f^om  the  Hit. 
loBophical  Transactions  of  the  Royal  Society,  Part  U,  1878. 

Annual  Report  of  the  Chief  Signal  Qfflcer  to  the  Secretary  ofWar  for  tfaeyMT 
1877.    570  pp.  8yo,  with  34  maps  and  18  charts.    Washington,  1877. 

Description  of  eight  new  species  of  Uolocystites  from  the  Niagara  Onrap^  l)y& : 
A.  Miller.    The  new  species  are :  H.  Brauni^  H.  Wetherbyi^  H.  orMitua^  H.  jwfionf^ 
H.  gloho8U8,  H.  pvattUaew^  H.  plenua^  H,  elegans ;  they  are  from  Jefferson  and  Bi^V 
counties,  Indiana. 

Remarks  on  some  Lamellibranchiate  Shells  of  the  Hudson  River  Group  I7B.F. 
Whitfield.  The  new  species  are :  Oifpricardites  quadranf/ulariSf  Chmeamifa  cm% 
Orthodeama  Aficklsboroughi,  Sedgwickia  (?)  lunukUa ;  locality,  Clinton  Co.,  Ohio. 

A  Handbook  of  the  Electric  Telegraph,  by  A.  £.  Loring.  98  pp.  ]2mo.  S«v 
York,  1878  (Van  Nostrand's  Science  Series). 

Statistical  Sketch  of  South  Australia,  by  Josiah  Boothby.  86  pp.  Syo.  hcfuk$t 
1876.  Published  by  authority  of  the  Gk>yemment  (Sampson  Low,  Mantoi^ 
Searle,  &  Rivington,  London.) 

The  American  Antiquarian :  a  Quarterly  Journal  devoted  to  Eiarly  AmerieM 
History,  Ethnology,  and  Archseology.  Edited  by  Rev.  Stephen  D.  Feet,  of  Vwat 
ville,  Ohio.  Published  by  Brooks,  Schinkel  &  Co.,  Cleveland,  Ohio.— Vol.  1,^9.% 
July,  August  and  September,  1878. 

A  Monograph  of  the  Silurian  Forests  of  the  Girvan  District  in  Ayrshire,  by  K 
Alleyne  Nicholson  and  Robert  Etheridge,  Jr.  Fasciculus  I.  Rhizopoda,  Aetf» 
ozoa,  Trilobita.  135  pp.  8vo,  with  iz  plates.  Edinburgh  and  London,  ISA 
(William  Blackwood  &  Sons.) 

Report  on  the  Meteorological  Service  of  the  Dominion  of  Canada,  by  the  BofHh 
intendent;  to  which  is  appended  the  Report  of  the  Directors  of  the  Magnetic  tfi 
other  Observatories,  for  the  year  ending  December  3l8t  1877.    Ottawa,  18791 
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IT.  IX. — A  new  Order  of  Extinct  Reptiles  (Sauranodonta), 
rom  the  Jurassic  Formation  of  the  Rocky  Mountains;  by 
Professor  O.  C.  Marsh. 

The  absence  of  the  genus  Ichthyosaurus  in  the  extinct  fauna 
this  country  has  long  been  a  noteworthy  feature,  for  up  to 
I  present  time  no  traces  of  it  have  been  detected,  althougn  its 
nains  are  especially  abundant  in  Europe.  An  interesting 
x^imen  recently  discovered  in  the  RocKy  Mountain  region 
isents,  in  most  of  its  skeleton,  the  characteristics  of  that 
lus,  but  is  without  teeth.  The  vertebrae,  ribs,  and  other  por- 
ns  of  the  skeleton  preserved,  cannot  be  distinguished  from 
J  corresponding  parts  of  Ichthyosaurus^  and  many  features 
the  skull  show  a  strong  resemblance.  The  general  form  of 
I  skull  is  the  same.  The  great  development  of  the  premax- 
.ries ;  the  reduced  maxillaries ;  the  huge  orbit  defended  by 
•ing  of  bony  plates,  are  all  present,  but  the  jaws  appear  en- 
;lv  edentulous,  and  destitute  even  of  a  dentar^  groove. 
Tne  proportions  of  this  reptile  were  very  similar  to  those  of 
ihyosaurus.  The  skull  is  about  two  feet  (600™™)  in  length, 
i  the  facial  portion  especially  produced.  The  orbits  are  very 
ge,  and  the  space  between  them  is  140™™.  The  sclerotic  ring 
jomposed  of  only  eight  plates.  Its  diameter  at  the  base  is 
>™™,  and  at  the  apex  58™™.  These  plates  are  not  arranged, 
a  nearly  flat  ring,  as  in  IchUiyosaurus^  out  form  the  basal  seg- 
nt  of  an  elongated  cone,  as  in  the  eyes  of  some  birds.  The 
•tebraB  are  short,  and  deeply  bi-concave.  The  neural  arch  is 
iculated  to  the  centrum.  One  trunk  vertebra  measures  85™™ 
width,  38™™  in  length  on  the  floor  of  the  neural  canal,  and 
"^  between  the  centers  of  the  two  rib  articular  faces  of  the 
Qe  side.  The  length  of  the  entire  animal  was  about  eight  or 
le  feet  The  remains  at  present  known  are  all  in  the  Museum 
Yale  College. 

M.  Jour.  Sci.~Third  Ssribs,  Vol.  XVII,  No.  97.— Jam.,  1879. 
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This  reptile  may  be  called  Sauranodon  natans^  and  the  order 
it  represents  Sauranodonta,  This  genus  bears  a  similar  relation 
to  the  Ichthyosaurs  that  Pterartodon  does  to  the  true  Pterodac- 
tyls, and  it  is  interesting  to  find  the  two  highly  specialized 
forms  preserved  in  the  same  region. 

The  geological  horizon  of  the  iSauranodontidcB^  so  far  as  now 
known,  is  in  the  Jurassic,  immediately  below  the  Atlantosaunis 
beds.  The  accompanying  fossils  are  Ammonites  and  Belem- 
nites,  showing  more  distinctly  marine  deposits,  which  may  be 
called  the  Sauranodon  beds. 

Yale  College,  New  Haven,  December  27,  1878. 


Art.  X. — Prindpal  Characters  of  American  Jurassic  Dinosaurs; 
by  Professor  0.  C.  Marsh.     Part  II.     With  eight  Plates. 

In  a  previous  article  (vol.  xvi,  p.  411,  Nov.,  1878),  the 
writer  gave  a  short  account  of  the  geological  horizon  and 
accompanying  fossils  of  the  Jurassic  Dinosaurs  recently  found  in 
the  Rocky  Mountains;  and  also  stated  the  more  important 
characters  of  the  gigantic  ISauropoda,  as  illustrated  mainly  bv 
the  genus  Morosaurus.  In  the  present  communication,  this 
group  is  further  elucidated  by  a  comparison  of  the  structure  io 
some  other  American  genera,  especially  Apatosanrus  2lx\A  Allan- 
iosaurus^  to  which  belong  the  largest  reptiles  hitherto  dis- 
covered. The  carnivorous  enemies  of  this  group  are  also  briefly 
described.  The  pelvis  of  Dinosaurians,  hitherto  so  little  known, 
is  illustrated  by  new  examples,  and  by  the  corresponding  parts 
in  some  recent  birds. 

Apatosaurus  Marsh,  1877.* 

The  genus  Apatosaurus  may  be  readily  distinguished  from 
Morosaurus  by  the  sacrum,  which  consists  of  only  three  verte- 
brse  instead  of  four  (Plates  V  and  VI,  Cgures  1  and  2.)  The 
ischium,  also,  has  its  distal  end  expanded.  The  scapula,  like- 
wise, is  quite  difierent,  its  superior  extremity,  being  without  the 
anterior  extension  seen  in  Morosaurus  (Plate  IV.)  So  far  as  at 
present  known,  the  latter  character,  together  with  the  form  of 
the  sacrum,  separates  it  from  the  allied  genus  Atlantosaunis. 

The  cervical  vertebrsB  of  Apatosaurus  are  strongly  opistho- 
coelian,  and  of  moderate  length.  (Plate  III,  figures  I  and  2.) 
The  dorsals  have  their  centra  similar,  and  both  have  deep  cavi- 
ties in  the  sides  and  in  the  neural  arch  resemblinsj  those  in  the 
corresponding  vertebrae  of  Morosaurus.  The  lumbar  vertebra 
have  their  articular  faces  more  nearly  plane,  and  the  last  lumbar 

♦  This  Journal,  voL  xiv,  p.  614. 
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18  expanded  transversely.  The  sacrum  is  characteristic  of  the 
genus,  and  quite  unlike  any  hitherto  known.  The  type  speci- 
men on  which  the  genus  was  established  is  well  shown  in  Plate 
VI,  figure  1.  It  is  short  and  massive,  and  the  three  vertebrae 
which  form  it  are  nearly  equal  in  size  and  general  proportions. 
They  are  firmly  coossified,  and  their  transverse  processes  are 
ankylosed  to  the  centra.  Those  on  each  side  are  united  distally 
into  a  solid  mass,  which  rests  on  the  short  ilium.  The  articular 
faces  of  the  sacral  vertebrsB  are  nearly  plane.  That  of  the  ante- 
rior centrum  is  a  transverse  oval  in  outline,  and  the  posterior 
face  is  more  nearly  round.  The  centra  and  their  processes  are 
somewhat  lightened  by  cavities,  as  in  the  sacra  of  Atlaniosaurus 
and  Morosaurus,  The  sacrum  of  the  latter  genus,  shown  in  fig- 
ure 2  of  Plate  V,  is  built  upon  the  same  general  plan,  character- 
istic of  the  ISauropoda^  but  the  transverse  processes  are  less 
massive,  and  have  a  greater  vertical  elevation.  The  same  sac- 
rum is  shown  in  position  in  Plate  V,  figure  1.  A  striking 
feature  of  this  sacrum  is  seen  in  the  large  size  of  the  neural 
canal  (nc),  which,  strange  to  say,  is  here  two  or  three  times  the 
diameter  of  the  brain  cavity.  This  is  a  most  suggestive  fact, 
and  without  parallel  in  known  vertebrates. 

The  scapula  of  Apatosaurus  is  large  (Plate  IV),  and  has  in 
its  lower  portion  an  anterior  projection  similar  to  that  in  Moro- 
saurus.^ Above  this,  the  shaft  continues  about  the  same  width 
to  the  upper  end,  which  is  comparatively  thin.  The  coracoid 
is  small  in  proportion  to  the  scapula,  and  subquadrate  in  out- 
line, thus  differing  in  form  from  that  of  Morosaurus.  The  for- 
amen is  large,  and  near  the  superior  border. 

There  is  at  present  some  difficulty  in  separating  the  limb 
bones  and  various  other  parts  of  the  skeleton  of  Apatosaurus  from 
the  corresponding  portions  of  AUantosaurus^  especially  as  the 
type  species  of  each  are  nearly  equal  in  size,  and  their  remains 
are  found  in  the  same  localities.  The  sacra  show  the  genera  to 
be  quite  distinct,  and  the  abundant  material  now  in  the  Yale 
Museum,  when  carefully  collated,  will  enable  other  parts  of  the 
structure  to  be  compared.  The  teeth  in  all  the  herbivorous 
genera  of  the  Sauropoda  from  the  Atlantosaurus  beds,  so  far  as 
now  known,  appear  to  be  very  similar,  and  hence  do  not  afford 
generic  characters. 

The  type  species  of  the  present  genus  is  Apatosaurus  ajax 
Marsh,  and  the  known  remains  indicate  a  reptile  at  least  fifty 
feet  in  length.  A  much  larger  species  is  indicated  by  various 
remains  from  the  same  locality  in  Colorado,  among  which  is 
the  huge  cervical  vertebra  represented  in  Plate  III,  figures  1  and 
2.     This  species  had  a  short  massive  neck,  and  hence  may  be 

•  This  Journal,  vol.  xvi,  Plate  VI. 


88  0.  0.  Marsh — American  Jurassic  Dinosaurs. 

called  Apatosaurus  laticoUis.  The  size  of  the  entire  animal  may 
be  judged  from  this  vertebra,  which  measures  over  three  and  a 
half  feet  (1*07  m)  in  width.  This  would  imply  a  neck  at  this 
point  not  less  than  five  or  six  feet  wide, — a  marked  contrast 
to  the  lon^  and  slender  neck  of  Morosaurus  grandis^  a  yeitd* 
bra  of  which  is  figured  in  the  same  plate  for  comparison.  AH 
the  cervical  vertebrsB  of  the  present  species  now  known  aie 
unusually  short,  and  the  neural  spine  is  rudimentary  or  want- 
ing.  with  the  exception  of  the  articular  faces  of  the  centn, 
the  resemblance  of  these  cervicals  to  those  in  some  birds  is 
very  striking. 

The  limb  bones  at  present  referred  to  this  species  haves 
general  resemblance  to  those  of  Morosaurtis^  described  by  tbs 
writer  in  the  previous  article.  The  pelvic  bones  appear  tobs 
more  like  those  of  Ailantosaurus. 

The  more  important  remains  of  this  genus  now  known  were 
found  in  the  Upper  Jurassic  of  Colorado,  by  Mr.  Arthur  Lakee^ 
of  the  Yale  Museum,  to  whom  science  is  indebted  for  other 
interesting  discoveries. 

AtlarUosaurus  Marsh,  1877.* 

The  typical  species  of  this  genus  is  Ailantosaurus  manianuii 
and  the  type  specimen  on  which  it  was  based  is  represented  hj 
the  sacrum  figured  in  Plate  VI,  and  various  fragmentair  re- 
mains found  with  it,  and  pertaining  to  the  same  individosL 
This  sacrum  resembles  that  of  Moi'osaurus  (Plate  V,  figure  2)^ 
in  having  four  vertebrsB,  but  a  comparison  of  the  two  shows 
many  differences.  The  centra  of  the  second  and  third  verte* 
br89  are  deeply  excavated  below  on  each  side,  leaving  a  com- 
paratively narrow  keel  on  the  median  line.  From  each  opening 
Detween  the  transverse  processes,  a  large  cavity  extends  in- 
ward and  backward  into  the  centra,  greatly  lessening  the  weight 
of  the  sacrum.  These  important  characters  were  mentioned  in 
the  original  description,  (vol.  xiv,  p.  87,  July,  1877),  in  whidi 
the  discovery  of  these  large  reptiles  was  first  announced. 

The  ilium  in  Ailantosaurus  is  comparatively  short  and  masmvei 
but  its  exact  outline  has  not  been  fully  determined.  Its  artica- 
lations  resemble  those  in  the  ilium  oi  Morosaurus^  and  in  the 
pelvis  represented  in  Plate  VII,  figure  2,  the  outline  of  this  bone 
IS  restored  from  that  genus.  The  pubis  is  somewhat  likethsl 
in  MorosauritSj  and  its  position  in  the  pelvis  very  similar.  It 
has  three  distinct  articular  faces  on  its  proximal  end,  and,  below 
the  ischiadic  union,  a  post  pubic  projection  indicated  in  the 
diagram  by  p\  The  distal  end  is  expanded,  and  rugose  for 
union  with  its  fellow  on  the  median  line,  as  shown  in  the  pelvic 

*  This  Journal,  yol.  xiv,  p.  514.    Also  p.  87. 


O.  C.  Marsh — American  Jurassic  Dinosaurs.  89 

arch  of  Morosaurus,  in  Plate  V,  figure  1.  The  ischium  is  less 
mas^ve  than  the  pubis,  and  it  is  directed  downward,  backward 
and  inward.  The  acetabular  face  is  larger  than  that  of  the 
pubis.  The  shaft  of  the  ischium  is  not  curved  as  in  Morosaurus^ 
and  the  distal  end  is  widely  expanded,  and  unites  with  its  fel- 
low on  the  median  line,  in  a  strong  symphysis.  The  difference 
in  the  pelves  of  the  two  genera  are  well  shown  by  a  comparison 
of  the  figures  in  Plate  VII.  The  ischium  of  Morosaurus  is  some- 
what more  twisted  in  its  distal  half  than  the  artist  has  drawn  it 
in  figure  1,  where  the  three  bones  are  represented  nearly  in  the 
same  plane. 

The  vertebrae  referred  to  Allantosaurus  are  opisthoccelian  in 
the  cervical  r^ion,  and  the  caudals  preserved  resemble  those  in 
Morosaurus.  The  limb  bones,  so  far  as  known,  are  similar  in 
their  more  important  characters  to  those  in  that  genus. 

The  two  species  now  placed  in  the  genus  J  rfantosatirt*^  are 
the  type,  A.  montanuSj  and  A.  immariis,  which  contain  the 
largest  land  animals  yet  discovered.  The  latter  species  may 
possibly  belong  to  the  genus  Apatosaurus. 

The  genera  of  Sauropoda  above  described  and  figured,  viz : 
Morosaurus^  Diplodocus,  Apatosaurus  and  Ailantosauru^^  show 
this  suborder  to  be  a  well  marked  and  natural  group,  the  most 
generalized  of  the  Dinosaurs.  Some  other  generic  names  have 
been  given  to  members  of  this  group  by  Cope,  which  I  shall 
review  at  another  time.  He  still  places  the  horizon  of  these  rep- 
tiles in  the  Cretaceous,  although  the  evidence  of  their  Jurassic 
age  seems  now  conclusive.  In  one  species  which  he  calls  Cam- 
arasaurus  supremus  (identical  according  to  Professor  Owen  with 
his  genus  Chondrosieosaurus  from  the  English  Wealden),t  he 
says,  in  the  sacrum,  *'the  centra  are  like  those  of  the  caudal 
vertebrae  composed  of  dense  bone,'*t  a  statement  wholly  dis- 
cordant with  the  known  characters  of  the  group.  He  likewise 
describes  the  diplosphenal  articulation  of  the  vertebrae  as  un- 
known, and  states  (page  76)  that  it  **has  not  been  observed  in 
any  other  animals ;"  whereas  it  has  long  been  known  in  Megah- 
saurusj  one  of  the  earliest  Dinosaurs  described,  as  well  as  in 
other  genera.  The  pelvic  bones  of  this  species,  he  says,  do  not 
resemble  those  of  Dinosaurta,  when,  on  tne  contrary,  the  pubis 
he  figures  is  typical  in  the  group.  Conclusions  based  on  such 
work  will  naturally  be  received  with  distrust  by  anatomista 

AUosauridcB. 

In  addition  to  the  huge  Sauropoda^  and  the  small  species  of 
the  genus  LaosauruSj  described  in  the  previous  article,  numerous 

{AnnalB  and  Mag.  Nat  Hist.,  vol  ii,  p.  201,  Sept,  1878. 
Am.  NatundiBt,  vol.  xii,  p.  77. 
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remains  of  carnivorous  Dinosaurs  occur  in  the  same  beds,  and 
indicate  the  natural  enemies  which  kept  in  check  their  herbivo- 
rous cotemporaries.  These  carnivorous  forms  represent  two 
very  distinct  families;  the  AUosauridcp,^  resembling  in  many 
respects  Megalosaurus  and  its  near  allies ;  and  the  Nanosaurida^ 
a  widely  different  group,  which  appears  to  have  some  affinities 
with  (Lmpsognathus,  In  the  present  article,  the  former  group 
is  briefly  discussed,  and  both  will  be  more  fully  described  in  t 
future  communication. 

The  genus  Allosaurus  is  typical  of  the  family,  which  also 
includes  Creosaurus,  and  Labrosatcrus.  The  first  named  geou 
presents  some  very  interesting  features  in  the  vertebrae,  and 

{)elvic  arch.  The  vertebrae  first  described  are  remarkable 
or  the  reduction  of  the  centrum  by  constriction,  so  that  tin 
requisite  lightness  is  secured  without  cavities  in  the  interior. 
This  is  shown  in  the  lumbar  vertebra  represented  in  Plate  X, 
figures  3  and  4.  The  diplosnhenal  articulation  of  the  zyapopk- 
yses,  seen  in  the  correspf>naing  vertebrae  of  Megalosaurtu^  and 
in  some  other  Dinosaurs,  is  well  marked  in  these  vertebrae. 

The  sacrum  in  Allosaurus  apparently  contains  four  verte- 
brae only,  and  these  have  very  short  and  stout  transverse  pro* 
cesses,  not  united  at  their  distal  ends.  These  processes  are 
codssified  with  the  sides  of  the  centra,  and  their  extremities  are 
obliquely  truncated  for  union  with  the  ilia,  which  thus  stand 
nearly  vertical,  or  somewhat  divergent  above.  The  exact 
form  of  the  ilium  is  not  known  with  certainty,  and  in  the  dia* 
grain  given  in  Plate  VIII,  figure  2,  the  outline  is  taken  from 
the  ilium  of  Cr^vsaurus,  The  pubis  is  perhaps  the  moat 
remarkable  bone  in  the  skeleton,  and  its  determination  and 
position  solve  many  difficulties  in  the  structure  of  the  Dinosaa- 
rian  pelvis,  especially  in  the  Carnivorous  types.  At  its  proxi- 
mal  end,  this  bone  has  four  well-marked  articular  faces;  one 
in  front  for  the  ilium;  next  the  acetabular  face;  an  obliqae 
face  for  the  ischium;  and  below  this  another,  of  about  eqnil 
size,  to  which  a  separate  bone  was  apparently  articulated 
Judging  from  the  structure  of  the  pelvis  in  Laosaunis^  thii 
bone  should  be  the  postpubis,  and  it  is  so  indicated  in  the 
fit/ure  (Plate  VIII,  figure  2,  p').  The  shaft  of  the  pubis  is 
slender,  and  the  distal  end  is  expanded  longitudinally,  and 
firmly  cocissified  with  its  fellow.  The  two  seen  from  the  front 
resemble  an  acute  letter  V-  This  type  of  pubic  bone  has  long 
been  a  puzzle  to  anatomists,  and  portions  of  it  have  been 
referred  to  various  parts  of  the  skeleton.  The  ischia,  also,  an 
closely  united  on  tlie  middle  line  throughout  the  distal  half, 
but  are  not  ankylosed.  This  makes  the  entire  pelvic  arch  a 
remarkably  narrow  one. 
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The  large  bones  in  AUosaurus  are  hollow,  and  the  metatar- 
sals slender.  The  termiDal  phalanges  were  armed  with  sharp 
claws.  With  the  remains  described  above,  a  large  spine  was 
found,  similar  in  general  form  to  that  of  Omosaurus  armatus 
described  by  Owen. 

The  type  of  Allosaurus  is  A,  fragilis^*  the  remains  of  which 
indicate  a  reptile  probably  twenty-five  feet  in  length,  and  of 
slender  proportions. 

The  genus  Creosaurus  appears  to  be  most  nearly  related  in 
its  vertebrae  and  ilium  to  Jjegalosaurus,  It  has  apparently  one 
less  vertebra  in  its  sacrum,  and  the  ilium  has  in  front  of  its  pu- 
bic process  an  articular  Face  which  has  not  been  observed  in 
ihe  latter  genus.  The  position  of  this  surface  is  indicated  in 
Plate  X,  figure  1,  /  and  it  may  have  supported  a  prepubic 
bona  The  sacral  vertebrae  are  elongated,  and  the  transverse 
processes  are  placed  higher  up  on  the  centra  than  those  in  Alio- 
saurus.  The  teeth  in  both  genera  are  of  the  Megalosaurus  type, 
and  in  the  whole  group  are  so  similar  as  to  be  of  little  value 
for  the  determination  of  species.  The  type  of  Oi-eosaurus^  is 
C.  airoXy\  a  reptile  about  twenty  feet  in  length. 

A  third  genus  of  carnivorous  Dinosaurs  contains  individuals 

of  somewhat  smaller  size,  and  of  this  group  the  species  named 

AUosaurus  lucarisX  is  the  type.    The  cervical  vertebrae  are  short 

and  strongly  opisthoccelian,   and  the  dorsals   moderately  so. 

All  these  vertebrae  have  very  large  cavities  in  the  centra,  which 

connect  with  the  exterior  by  a  comparatively  small  foramen  on 

each  side.    The  neural  spines  of  the  dorsal  vertebrae  are  elevated 

and  transverse,  and  the  vertebrae  now  known  do  not  show  the 

diplosphenal  articulation.     The   fore   limbs  in  this  genus  are 

quite  small,  and  the  humerus  is  curved,  and  has  a  large  radial 

crest.     This  genus  is  distinct  fron  Allosaurus^  and  may  be  called 

Lahrosanrniy^  the  type  being  Labrosaurus  lucaris. 

All  of  the  carnivorous  Dinosaurs  known  from  the  Atlanto- 
aaurus  beds  appear  to  have  moved  mainly  on  the  posterior  limbs. 
The  large  bones  were  hollow,  and  many  of  the  vertebrae,  as  well 
as  some  of  the  feet  bones,  contained  cavities,  or  were  otherwise 
lightened  to  facilitate  rapid  movement 

The  reptilian  remains  described  in  these  two  communications 
are  preserved  in  the  Museum  of  Yale  College.  In  addition  to 
these  fossils,  the  collection  contains  a  large  quantity  of  similar 
specimens,  from  the  same  localities  and  horizon,  some  of  which 
peruiin  to  the  same  skeletons  as  those  here  illustrated.  The 
carelul  investigation  of  this  entire  series  will  require  much  time, 
but  piomises  iLuportuut  results. 

♦  This  Journal,  vol.  xiv,  p.  615.         \  Ibid.,  vol.  xv,  p.  24.3. 
X  Ibid,  vol.  XV,  p.  242. 
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The  descriptions  and  illustrations  given  in  this  and  the  pre- 
ceding article  make  clear  the  general  structure  of  the  Dinosau- 
rian  pelvic  arch,  which  has  so  long  been  in  doubt  In  the 
Sauropodaj  the  elements  of  this  arch  are  seen  united  in  forms 
that  admit  of  direct  comparison  with  other  more  typical  rep- 
tiles, each  ffcnus  of  the  group  having  its  own  special  features. 
In  the  smaller,  more  specialized,  herbivorous  forms,  exemplified 
by  Laosaurus^  an  advance  is  seen,  especially  in  the  pubic  ele- 
ments,  where  the  long  rod-like  avian  bone  is  fully  developed, 
and  the  anterior  part,  or  true  reptilian  pubis,  is  still  prominent 
In  the  Carnivorous  forms  represented  by  AUosaurus^  a  more 
complicated  structure  is  seen  to  exist,  but  additional  material 
will  be  necessary  to  elucidate  it  fully.  In  the  pelves  of  the 
recent  birds,  given  in  Plate  IX,  the  remnant  of  the  reptilian 
pubis  is  still  plainly  to  be  seen,  especially  in  Oeococcyx.  It  is 
not  improbable  that  the  retention  of  this  process  may  be  due 
in  part  to  the  habits  of  certain  species,  as  it  seems  to  be  best 
developed  in  running  birds,  and  those  that  especially  use  the 
posterior  limbs.  The  same  process,  apparently,  is  seen  in  some 
mammals,  where  it  may  serve  a  similar  purpose.  The  ilium 
and  ischium  undergo  but  comparatively  little  change  from  the 
Sauropoda  to  recent  birds.  The  sacrum,  however,  is  gradually 
strengthened  by  the  addition  of  vertebrae,  and  their  more 
perfect  coossification. 

Yale  CoDege,  New  Hayen,  December  27,  1878. 

[To  be  oontinued.] 
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ire  X — Fourth  «>rvi»'jit  vorU- 
ir-ujfchtii  nntiirnl  Hizc. 
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Lafl  scapula  and  pomooid  of  Aj"i<if-«t"rii.-'  .r/uj-  Miiri-li ;  orit'-foiirtopntli  nnliiral 
fizo.  a,  gimpiilar  fare  of  glcnoiil  I'livity  ;  b.  niKO^i.-  ^4ll^f^ll'e  for  iiniiiii  with 
coracoid ;  o'  coraeoidean  port  of  glenoid  cuviiy :  /  forameii  in  imrairald. 
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FiiriiTe  1. — I'elvip  arcli  ot  Mnrtaaiu'ns  ginu'lis  Mnrft] ;  neon  froui  in  frfnit. 
One-)<iite«nth  tuitural  nizF. 

Rlpiro  2. — Sacrum  of  MoTMaiirtia  gr-itulif;  seen  fmm  helnw.  One-teiitli 
Datura  I  nize. 

II.  firft  Bacriil  vertebra:  6.  transverse  procosa  of  Hrnt  caenJ  verlpbrn; 
r.  tninfiTerBe  proccBs  of  secomi  vertebra ;  rf.  tran»vcrse  process  of  third 
vortelifa  ;  *.  tranaverpe  prois'iw  of  lust  aaeral  vertelira  ;  /.  fonimeii  hplwccn 
prcocstieB  of  HrEit  and  eervnd  vertebra;  J'-  rnrnnifii  bctwi-en  Hcconil  and 
third  prooe»«9;  /'.  foramen  between  lliinl  and  lnt>t  proresH;  y.  surface 
for  union  with  right  ilium  ;  '/.  wiiiw  for  left  ilium ;  p.  fourth,  or  hint,  sui-rul 
vertebra:  nr.  neural  canal;  iL  ilium;  is.  ischium;  jifi.  piibia. 
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Figure  1. — SacmiD  of  Apnbmiwriii  tijiu  Mariili :  wt-Ji  trnin  lioloH'. 

PiguPB  2. — Sacrum  of  ABauloS'iiirHs  umilaaus  Miirsli ;  ni'ii  fmni  Ijelow :  hotli 

ODe-teDth  natural  RJzc, 
a.  fin>t  ucral  vcjitehra ;  b.  triinHvori-p  prorots  of  llr»'t  verttlirn :  r.  t^allHvc^^HC 

proceMes  of  second  vertebra;   il.  trniisvcnie  pnxx.i'i'  of  tliinl  VL>rtebra ; 

/  fonimen  between  trM  iinil  i<ccoiiil   IniiiRver^w  |)roc«»ioH;  /'.  forHiueii 

between  Beooud  and  third  proi^si^s;  )>.  luHt  Riicnil  vertebra;  g.  tmrfuL-e 

[or  unioD  with  ilium. 
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Figure  2, — Pelvis  ot  AtfuubMxittriu  iinmania  Miiri<1i ;  eeeii  fnini  tlir 
iwontietli  natural  sUo.  The  Hjpiili™Hi>n  of  tlic  \vHeni  in  tlie  sumo  in 
figures,  vit:  a.  acetubiiliini: /.  fommi'ti  in  piiliiK ;  il  ilUmi;  iV,  i»'liiui 
pubiii  p'.  poBt-puhifl.  Tn  tlie!>e  and  tlw  fnlloiviiiK  diufiTariix  of  Dino^H 
pelvea,  the  three  bonea  of  each  are  rcprcncntpd  nearly  iu  t\io  Kamo  v^m] 
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gan  1. — Pelvis  of  Lanaawiis  nllOK  Marsli;  neon  from  the  left  one  xiith 
natural  size, 

gam  2. — PclviB  of  AUnsaaiitt  /riigilii  Marsh  seen  from  the  left  one 
tweUtb  natural  fine.  The  oullinc  of  tlie  iliiini  in  taken  from  liensaiirus 
alrvx  Marsh. 

le  aigniScalion  of  tho  letters  in  the  same  in  botli  figure)*,  riz :  a.  acetabu- 
lum; ii.  ilium;  u.  ischium;  p.  pubis;  p'.  post-piibis;  /  Hrtitnilar  faeet  on 
front  of  pubic  process  of  ilium. 
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-Pelvis  of  Gfddieeux  CvlifuraiaBUV  Beird ;  Been  from  llie  left,  nntii- 
-Pelvis  of  Kmeu,  Dromaita  aoi-a  hoUaiidm  Lath ;  oiic-flfth  natural 
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lire  I,— Lefl  ilium  of  CrffWinjiM  advj- Mar^li ;  wi-ii  from  the  If  ft. 

uro  ■.!. — Tlie  saino:  I'ceu  from  lielnw.     Itutli  ono-leiilli  luitiiral  size. 

.iil^rior,  ur  pubic,  artinilntioti ;  A.  posterior,  or  iiK-liiiidii',  urtieiilution : 

.  Brtieiilar  fai-et  on  front  ot  piMv  procws. 

lire  3.  -LumlHir  vertehrn  of  Albm-inriis  iraijilia  Mar^h:  front  view. 

urc  4. — The  same ;  side  viow.  from  the  left.     BoCli  oiio-nixth  natural  e\ze. 

.  anterior  articular  (ai-o;   p.   poctorior  articular  fai-o;  ".  ncurttl  spine; 

',  diapopliyaia ;  ».  anterior  ij-goi>ophyHifl ;  2'.  posterior  zygapophyiuB. 
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Art.  XT. — Discussion  of  the  Working  Hypothesis  that  the  so-called 
Elements  are  Compound  Bodies;*  by  J.  Norm  AN  LocKYBR, 
RRS. 

It  is  known  to  many  Fellows  of  the  Society  that  I  have  for 
the  last  four  years  been  engaged  upon  the  preparation  of  a  map 
of  the  solar  spectrum  on  a  large  scale,  the  work  including  a 
comparison  of  the  Fraunhofer  lines  with  those  visible  in  the 
spectrum  of  the  vapor  of  each  of  the  metallic  elements  in  the 
electric  arc. 

To  give  an  idea  of  the  thoroughness  of  the  work,  at  all  events 
in  intention,  I  may  state  that  the  complete  spectrum  of  the  sun, 
on  the  scale  of  the  working  map,  will  oe  hall  a  furlong  (880  ft) 
long ;  that  to  map  the  metallic  lines  and  purify  the  spectra  in 
the  manner  which  has  already  been  described  to  the  Society, 
more  than  100,000  observations  have  been  made  and  about  two 
thousand  photographs  taken. 

In  some  of  these  photographs  we  have  vapors  compared 
with  the  sun,  in  otJiers  vapors  compared  with  each  other ;  and 
others  again  have  been  taken  to  show  which  lines  are  long  and 
which  are  short  in  the  spectra. 

I  may  state  in  way  oi  reminder  that  the  process  of  purifica- 
tion consisted  in  this:  When,  for  instance,  an  impurity  of  man- 
ganese was  searched  for  in  iron,  if  the  longest  line  of  Mn  was 
absent,  the  short  lines  must  also  be  absent  on  the  hypothesis 
that  the  elements  are  elementary ;  if  the  longest  line  was 
present,  then  the  impurity  was  traced  down  to  the  shortest  line 
present 

*  Paper  retid  «t  the  Rojal  Society,  Deoember  12,  1878. 
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Coincidciiccs  wllb  Sboit  Llaca. 


3^  Hypothens  that  the  Elements  are  Simple  Sodiea  doet  not 
include  aS  the  Phenomena, 
The  final  reduction  of  the  photographs  of  all  the  metallic 
elemeots  Id  the  region  89-40,  a  reduction  I  began  in  the  early 
part  of  the  present  year,  and  which  has  taken  six  months, 
•aminanzed  all  the  obaervations  of  metallic  spectra,  compared 
with  the  Fraanhofer  lines,  accumulated  during  the  whole  period 
frf  observation.  Mow  this  redaction  has  shown  me  that  the 
liypotheflifi  that  identical  lines  in  different  spectra  are  due  to 
impariUes  is  not  sufficient     I  shall  show  in  detail  in  a  subse- 

antiDt  paper  the  hopeless  confoaion  in  which  I  have  been 
inded.  I  limit  myself  on  the  present  occasion  to  giving  tables 
showing  how  the  hypothesis  deals  with  the  spectra  of  iron  and 
titaoium. 

We  find  short  line  coincidences  between  many  metals  the 
imparities  of  which  have  been  eliminated  or  in  which  the 
freedom  from  mutual  impurity  has  been  demonstrated  by  the 
absence  of  tite  longest  lines. 


96  t/.  N.  Lochfer  on  (he  supposed  Compound 

BMdences  of  Cdesiial  Dissociation. 

It  is  five  years  since  I  first  pointed  out  that  there  are  many 
facts  and  many  trains  of  tbouffnt  suggested  by  solar  and  stellar 
physics  which  point  to  another  hypothesis — namely,  (hat  ik 
elements  themselves,  or  at  all  events  some  of  them,  are  compound 
bodies. 

In  a  letter  written  to  M.  Dumas,  December  S,  187S,  and 
printed  in  the  Comptes  Bendus,  I  thus  summarized  a  memcMr 
which  has  since  appeared  in  the  Philosophical  Transactiona 

^'  H  semble  que  plus  une  6toile  est  chande  plus  son  spectre  at 
simple,  et  que  les  ^16ments  m^talliques  se  font  voir  dans  Pordre 
de  leurs  poids  atomiques.* 

''  Ainsi  nous  avons : 

''  1.  Des  ^toiles  tr^s-brillantes  oil  nous  ne  voyons  que  IHiydro- 
g^ne,  en  quantite  hwrme,  et  le  magnesium ; 

''  2.  Des  6  toiles  plus  firoides,  comme  notre  Soleil,  oil  nous  troo- 
vons: 

H+Mg+Na 

H+Mg+Na+Ca,  Fe,    .    •    .    ; 

dans  ces  6toile8,  pas  de  metalloldes ; 

''  8.  Des  ^toiles  plus  froides  encore,  dans  lesquelles  taus  les  iK- 
ments  metaUiques  sotU  associ6s,  oil  leurs  liffnes  ne  sont  plus  Tiii- 
bles,  et  oti  nous  n'avons  que  les  spectres  des  metalloldes  et  dei 
composes. 

^'  4.  Plus  uue  ^toile  est  ^g6e,  plus  Vhydroghne  libre  dispartdt; 
sur  la  terre,  nous  ne  trouvons  plus  d'hydrog^ne  en  liberte. 

^'  II  me  semble  que  ces  faits  sont  les  preuves  de  plusieurs  id^ 
6mise8  par  vous.  J'ai  pens^  que  nous  pouvions  imaginer  une 
*■  dissociation  celeste,^  qui  continue  le  travail  de  nos  foumeaox,  el 
que  les  metalloldes  sont  des  composes  qui  sont  dissoci^  par  la 
temperature  solaire,  pendant  que  les  elements  metaUiques  monato- 
miques,  dont  les  poids  atomiques  sont  les  moindreSy  son  precis^ 
ment  ceux  qui  resistent,  m^me  k  la  temperature  des  6toile8  ki 
plus  chaudes." 

Before  I  proceed  further,  I  should  state  that  while  observa- 
tions of  the  sun  have  since  shown  that  calcium  should  be  intnh 
duced  between  hydrogen  and  magnesium  for  that  luminary,  Dr. 
Huggins'  photographs  have  demonstrated  the  same  fact  for  the 
stars,  so  that  in  the  present  state  of  our  knowledge,  independent 
of  all  hypotheses,  the  facts  may  be  represented  as  follows : — 

Hottest  Stars    ^  (  H+Ca+Mg 

Sun S  -^  H+Ca+Mg+Na+Fe 

Cooler  Stars      '^  (—     —     Mg+Na-j-Fe+Bi+Hg 

Coolest "i'l  h —    —     —    —    —    —  "23 

*Thi8  referred  to  the  old  numbers  in  which  Mg=12,  Na=83. 
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FoUowing  out  these  views,  I  some  time  since  communicated 
Miper  to  the  Society  on  the  spectrum  of  calcium,  to  which  I 
all  refer  more  expressly  in  the  sequel. 

D^ereniiatian  of  the  Phenomena  to  be  observed  on  ^he  two 

Hypotheses. 

When  the  reductions  of  the  observations  made  on  metallic 
3ctra,  on  the  hypothesis  that  the  elements  were  really  ele- 
mtary,  had  landed  me  in  the  state  of  utter  confusion  to 
lich  I  have  already  referred,  I  at  once  made  up  my  mind  to 
'  the  other  hypothesis,  and  therefore  at  once  sought  for  a 
tical  differentiation  of  the  phenomena  on  the  two  hypotheses. 
Obviously  the  first  thing  to  be  done  was  to  inquire  whether 
e  hypothesis  would  explain  these  short  line  coincidences 
lich  remained  after  the  reduction  of  all  the  observations  on 
^  other.  Galling  for  sake  of  simplicity  the  short  lines  common 
many  spectra  basic  lines,  the  new  hypothesis,  to  be  of  any 
lue,  should  present  us  with  a  state  of  things  in  which  basic 
^lecules  representing  bases  of  the  so-called  elements  should 
'^e  us  their  lines,  varying  in  intensity  from  one  condition  to 
3ther,  the  conditions  representing  vanous  compoundings. 
Suppose  A  (nickel,  let  us  say)  to  contain  B  (cobalt)  as  an 
punty  and  as  an  element,  what  will  be  the  difference  in  the 
«troscopic  result? 

A.  in  both  cases  will  have  a  spectrum  of  its  own  ; 
B  as  an  impurity  will  add  its  lines  according  to  the  amount 
impurity,  as  I  have  shown  in  previous  papers. 
B  as  an  element  will  add  its  lines  according  to  the  amount 
dissociation,  as  I  have  also  shown. 

The  difference  in  the  phenomena,,  therefore,  will  be  that, 
th  gradually  increasing  temperature,  the  spectrum  of  A  will 
fe,  if  it  be  a  compound  body,  as  it  will  be  increasingly  disso- 
ted,  and  it  mil  not  fade  if  it  be  a  simple  one. 
Again,  on  the  hypothesis  that  A  is  a  compound  body,  that 
one  compounded  of  at  least  two  similar  or  dissimilar  molec- 
ir  groupings,  then  the  longest  lines  at  one  temperature  will 
t;  be  the  longest  at  another,  the  whole  fabric  of  "  impurity 
mination,"  based  upon  the  assumed  single  molecular  group- 
;,  falls  to  pieces,  and  the  origin  of  the  basic  lines  is  at  once 
dent. 

This  may  be  rendered  clearer  by  some  general  considerations 
another  order. 

General  Considerations, 

jet  us  assume  a  series  of  furnaces  A     ...     D,  of  which 

iS  the  hottest 

jet  us  further  assume  that  in  A  there  exiata  9t  substapcQ  a 
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by  itself  competent  to  form  a  compoand  body  fi  by  anion  vitli 
itself  or  with  somethii^  else  when  ihe  temperature  is  lowered 
TfaeQ  we  may  imagine  a  famaoe  B  in  wiiich  this  compoand 
body  exists  alone.  The  apectrom  of  the  compoand  ^  woald  b« 
the  only  one  visible  in  B,  as  the  spectrum  of  the  aasamed 
elementary  body  a  would  be  the  only  one  visible  in  A. 


A  lower  temperature  furnace  C  will  provide  us  with  a  more 
compoand  substance  y,  and  the  same  considerations  will  b(dd 
good. 

Now  if  into  the  furnace  A  we  throw  some  of  this  doubly 
compound  body  j-  we  shall  get  at  first  an  int^ration  of  W   . 
three  spectra  to  which  T  have  drawn  attention ;  the  lines  of  j 
will  first  be  thickest,  then  those  of  j9,  and  finally  a  would  exist   j 
alone,  and  the  spectrum  would  be  reduced  to  one  of  the  atmo«t 
simplicity. 


This  is  not  the  only  conclusion  to  be  drawn  from  these  «»■ 
siderationa  Although  we  have  by  hypothecs j9,  rand  9,  >U 
higher,  that  is,  more  compound  forms  of  a,  and  although  At 
strong  lines  in  the  diagram  may  represent  the  trae  spectra  of 
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these  substances  in  the  furnaces  B,  C  and  D,  respectively,  yet, 
in  consequence  of  incomplete  dissociation,  the  strong  lines  of 
fi  will  be  seen  in  furnace  C,  and  the  strong  lines  of  f  will  be 
seen  in  furnace  D,  all  as  thin  lines.  Thus,  although  in  C  we 
have  no  line  which  is  not  represented  in  D,  the  intensities  of 
the  lines  in  C  and  D  are  entirely  changed. 

In  short,  the  line  of  a,  strong  in  A,  is  boMc  in  B,  C  and  D, 
the  lines  of  )9,  strong  in  B,  are  basic  in  C  and  D,  and  so  on. 

I  have  prepared  another  diagram  which  represents  the  facts 
on  the  supposition  that  the  furnace  A,  instead  of  having  a 
temperature  sufficient  to  dissociate  )9,  ;*  and  ^  into  a  is  far 
below  that  stage,  although  higher  than  B. 

It  will  be  seen  from  this  diagram  that  then  the  only  differ- 
ence in  the  spectra  of  the  bodies  existing  in  the  four  furnaces 
would  consist  merely  in  the  relative  thicknesses  of  the  lines. 
The  spectra  of  the  substances  as  they  exist  in  A  would  contain 
as  many  lines  as  would  the  spectra  of  the  substances  as  they 
exist  in  D;  each  line  would  in  turn  be  basic  in  the  whole 
series  of  furnaces  instead  of  in  one  or  two  only. 

.  ApplieaHans  of  these  General  Considerations  to  Impurity  Elim- 
ination, 

Now  let  us  suppose  that  in  the  last  diagram  (fi^.  2)  the  four 
furnaces  represent  the  spectra  of  say,  iron,  broken  up  into 
different  finenesses  by  successive  stages  of  heat  It  is  first  of 
all  abundantly  clear  that  the  relative  thicknesses  of  the  iron 
lines  observed  will  vary  according  as  the  temperature  resem- 
bles that  of  A,  B,  C,  or  D.  The  positions  in  the  spectra  will 
be  the  same,  but  the  intensities  will  vary  ;  this  is  the  point 
The  longest  lines,  represented  in  the  diagram  by  the  thickest 
ones,  will  vary  as  we  pass  from  one  temperature  to  another. 
It  is  on  this  ground  that  I  have  before  stated  that  the  whole 
fabric  of  impurity  elimination  must  fall  to  pieces  on  such  an 
hypothesis.  Let  us  suppose,  for  instance,  that  manganese  is  a 
compound  of  the  form  of  iron  represented  in  furnace  B,  with 
something  else;  and  suppose  again  that  the  photograph  of  iron 
which  I  compare  with  manganese  represents  the  spectrum  of  the 
vapor  at  the  temperature  of  the  furnace  D.  To  eliminate  the 
impurity  of  iron  in  manganese,  as  I  have  eliminated  it,  we 
begin  the  search  by  looking  for  the  longest  and  strongest  lines 
shown  in  the  photograph  of  iron,  in  the  photograph  of  man- 
ganese taken  under  the  same  conditions.  I  do  not  find  these 
lines.  I  say,  therefore,  that  there  is  no  impurity  of  iron  in  man- 
ganese, but  although  the  longest  iron  lines  are  not  there,  some 
of  the  faintest  basic  ones  are.  This  T  hold  to  be  the  explana- 
tion of  the  apparent  confusion  in  which  we  are  landed  on  the 
supposition  that  the  elements  are  elementary. 
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Now  to  apply  this  reasoning  to  the  dissociation  of  a  known 
compound  oody  into  its  elements. — 

A  compound  body,  such  as  a  salt  of  calcium^  has  as  definite 
a  spectrum  as  a  simple  one ;  bat  while  the  spectrum  of  the 
metal  itself  consists  of  lines,  the  number  and  thickness  of  some 
of  which  increase  with  increased  quantity,  the  spectrum  of  the 
compound  consists  in  the  main  of  channelled  spaces  and  bands, 
which  increase  in  like  manner. 

In  short,  the  molecules  of  a  simple  body  and  a  compound 
one  are  affected  in  the  same  manner  by  Quantity  in  so  far  ae 
their  spectra  are  concerned ;  in  other  taordsy  both  spectra  have  that 
long  and  sfiort  lines^  the  lines  in  the  spectrum  of  the  element 
being  represented  by  bands  or  fluted  lines  in  the  spectrum  of 
the  compound ;  and  in  each  case  the  greatest  simplici^  of  the 
spectrum  depends  upon  the  smallest  quantity,  ana  the  greatest 
complexity  (a  continuous  spectrum)  upon  the  greatestb 

The  heat  required  to  act  upon  such  a  compound  as  a  salt  of 
calcium  so  as  to  render  its  spectrum  yisibie,  dissociates  the 
compound  according  to  its  yolatility ;  the  number  of  true  me- 
tallic lines  which  thus  appear  is  a  measure  of  the  quantity  of 
the  metal  resulting  from  tne  dissociation,  and  as  the  metal  hnes 
increase  in  number,  the  compound  bands  thin  out 

I  haye  shown  in  preyious  papers  how  we  have  been  led  to 
the  coDclusion  that  binary  compounds  have  spectra  of  their 
own,  and  how  this  idea  has  been  established  by  considerations 
having  for  a  basis  the  obseryations  of  the  long  and  short  linea 

It  is  absolutely  similar  obseryations  and  similar  reasoning 
which  I  haye  to  bring  forward  in  discussing  the  compound 
nature  of  the  chemical  elements  themselyes. 

In  a  paper  communicated  to  the  Koyal  Society  in  1874,  refer- 
ring, among  other  matters,  to  the  reversal  of  some  lines  in  the 
solar  spectrum,  I  remarked,* — 

"  It  is  obyious  that  greater  attention  will  have  to  be  giyen 
to  the  precise  character  as  well  as  to  the  position  of  each  of  the 
Fraunhofer  lines,  in  the  thickness  of  which  I  have  already  ob- 
served several  anomaliea  I  may  refer  more  particularly  at 
present  to  the  two  H  lines  8988  and  8968  belonging  to  calcium, 
which  are  much  thicker  in  all  photographs  of  the  solar  spec^ 
trum  [I  might  have  added  that  they  were  by  far  the  thicKest 
lines  in  the  solar  spectrum]  than  the  largest  calcium  line  of 
this  region  (4226*8),  this  latter  being  invariably  thicker  than 
the  H  Tines  in  all  photographs  of  the  calcium  spectrum,  and 
remaining,  moreover,  visiole  in  the  spectrum  of  suostances  con- 
taining calcium  in  such  small  quantities  as  not  to  show  any 
traces  of  the  H  line& 

♦  PWI.  Trans,,  yo|.  oUriv,  part  2,  p.  807. 
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'  How  &tr  this  and  similar  variations  between  photographic 
ords  and  the  solar  spectrum  are  due  to  causes  incident  to 
!  photographic  record  itself,  or  to  variations  in  the  intensi- 
\  of  the  various  molecular  vibrations  under  solar  and  terres- 
.  conditions,  are  questions  which  up  to  the  present  time  I 
re  been  unable  to  discuss." 

An  Objection  Discuesed. 

\  was  careful  at  the  very  commencemeut  of  this  paper  to 
nt  out  that  the  conclusious  I  have  advanced  are  basea  upon 

analogies  furnished  by  those  bodies  which,  by  common 
isent  and  beyond  cavil  and  discussion  are  compound  bodies, 
leed,  had  I  not  been  careful  to  urge  this  point  the  remark 
^ht  have  been  made  that  the  various  changes  in  the  spectra 
prhich  I  shall  draw  attention  are  not  the  results  of  succes- 
e  dispociations,  but  are  effects  due  to  putting  the  same  mass 
5  different  kinds  of  vibration  or  of  producing  the  vibration 
different  ways.  Thus  the  many  high  notes,  both  true  and 
le,  which  can  be  produced  out  of  a  bell  with  or  without  its 
tdamental  one,  mi^ht  have  been  put  forward  as  analogous 
h  those  spectral  Imes  which  are  produced  at  different  de- 
es of  temperature  with  or  without  the  line,  due  to  each  sub- 
ttoe  when  vibrating  visibly  with   the  lowest  temperatura 

this  argument,  however,  if  it  were  brought  forward,  the 
\j  would  be  that  it  proves  too  much.  If  it  demonstrates 
•t  the  A  hydrogen  line  in  the  sun  is  produced  by  the  same 
lecular  grouping  of  hydrogen  as  that  which  gives  us  two 
«n  lines  only  when  the  weakest  possible  spark  is  taken  in 
irogen  inclosed  in  a  large  glass  globe,  it  also  proves  that  cai- 
rn is  identical  with  its  salts.  For  we  can  get  the  spectrum 
any  of  the  salts  alone  without  its  common  base,  calcium,  as 
can  get  the  green  lines  of  hydrogen  without  the  red  ona 
t  submit,  therefore,  that  the  argument  founded  on  the  over- 
tes  of  a  sounding  body,  such  as  a  bell,  cannot  be  urged  by 
J  one  who  believes  in  the  existence  of  any  compound  bodies 
all,  because  there  is  no  spectroscopic  break  between  acknowl- 
jed  compounds  and  the  supposed  elementary  bodies.  The 
«troscopic  differences  between  calcium  itself  at  different 
iperatures  is,  as  I  shall  show,  as  great  as  when  we  pass  from 
Dwn  compounds  of  calcium  to  calcium  itseli  Tnere  is  a 
feet  continuity  of  phenomena  from  one  end  of  the  scale  of 
iperature  to  the  other. 

^qxiiry  into  the  Probable  Arrangement  of  the  JBasic  Molecules. 

is  the  results  obtained  from  the  above  considerations  seemed 
be  so  far  satisfactory,  inasmuch  as  they  at  once  furnished 
explanation  pf  the  basic  lines  actually  observed,  the  inquiry 
)  thought  worthy  of  being  carried  to  a  further  stage. 
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The  next  point  I  considered  was  to  obtain  a  clear  mental  view 
of  the  manner  in  which,  on  the  principle  of  evolution,  variom 
bases  might  now  be  formed,  and  then  become  basic  themselves. 

It  did  not  seem  unnatural  that  the  bases  should  increase  their 
complexity  by  a  process  of  continual  multiplication,  the  factor 
being  1,  2,  or  even  3,  if  conditions  were  available  under  which 
the  temperature  of  their  environment  should  decrease,  as  we 
ima^ncd  it  to  do  from  the  furnace  A  down  to  furnace  D.  This 
would  bring  about  a  condition  of  molecular  complexity  in  which 
the  proportion  of  the  molecular  weight  of  a  substaooe  bo  pro- 
duced in  a  combioation  with  another  Bubetancti  would  go  on 
continually  increasing. 


Another  method  of  increasing  molecular  <x)mp1exity  woald 
be  represented  by  the  addition  of  molecules  of  different  origina 
Representing  the  first  method  by  A+A,  we  could  repRseal 
the  second  by  A+B.  A  variation  of  the  last  process  woaU 
consist  in  a  still  further  complexity  being  brought  abonl  by 
the  addition  of  another  molecule  of  B,  ao  that  instead  of 
(A+B),  merely,  we  should  have  A+B,. 

Ot  these  three  processes  the  first  one  seemed  that  which  it 
was  possible  to  attack  under  the  best  conditions,  because  the 
consideration  of  impurities  was  eliminated;  the  prior  work  has 
left  no  doubt  upon  the  mind  about  such  and  auch  lines  being 
due  to  cali;ium,  others  to  iron,  and  so  forth.  The  inquiry  took 
this  form,  granting  that  these  lines  are  special  to  such  and  such 
a  substance,  does  each  become  basic  in  turn  aa  the  tempemiure 
is  chaugcil  ? 

I  therefore  began  the  inquiry  by  reviewing  the  evidence 
concerning  calcium  and  seeing  if  hydrogen,  iron  and  lithiam 
behaved  in  the  same  way. 

Application  of  the  above  Vimc»  to  Iron,  Lithium,  and  S\f<^ogen. 

Calcium. — It  was  in  a  communication  to  the  Royal  Society 
made  some  time  ago  (Proceedings,  vol.  xxii,  p.  380, 187i),  that 
I  first  referred  to  the  possibility  that  the  well-known  ILne-specln 
of  the  elementary  bodies  might  not  result  from  the  vibration 
of  similar  molecules.  I  was  led  to  make  the  remark  in  conse- 
quence of  the  differences  to  which  I  have  already  drawn  atten- 
tion in  the  sjjectra  of  certain  elements  as  observed  in  tie 
spectrum  of  the  sun  and  in  those  obtained  with  the  ordinary 
instrumental  appliances. 

Later  (Proc  Hoy.  Soc,  No.  168,  1876)  I  produced  evidence 
that  the  molecular  gn)uping  of  calcium  which,  with  a  small 
induction-coil  and  small  jar,  gives  a  spectrum  with  its  chiel 
line  in  the  blue,  is  nearly  broken  up  in  the  sun,  and  quite 
broken  up  in  the  discharge  from  a  large  coil  and  jar,  iulo 
another  or  others  with  lines  in  the  violet. 
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I  said  "another,"  or  "others,"  because  I  waa  not  then  able 
to  detemaine  whether  the  last  named  lines  proceeded  from  the 
aame  or  different  molecules ;  and  I  added  that  it  was  possible 
we  might  have  to  wait  for  photographs  of  the  spetftra  of  the 
brighter  stars  berore  this  point  could  be  determined. 

lalso  remarked  that  this  result  enabled  us  lo  fix  with  very 
consideTable  accuracy  the  electric  dissociating  conditions  which 
are  equivalent  to  that  degree  of  dissociation  at  present  at  work 
in  the  sun. 


—  The  blue  end  of  the  spectrum  of  calcium  under  diO'erent  wnditionn, 
I.  CUcium  is  oombined  with  chlorine  (CaCli).  When  Ibo  temperature  is  low, 
the  compoimd  molecide  vibrates  as  a  whole,  the  apectrum  is  at  the  red  end.  and 
no  lines  of  calcium  are  seeo.  3.  The  Line  of  the  metal  seen  when  the  com- 
pound molecule  is  dissociated  lo  a  alight  extent  with  an  indulged  current 
3.  The  spectrum  of  met&llic  caldum  ia  the  electric  arc  with  n  Hmall  number  of 
cells.  4.  The  aaiae  when  the  number  of  cells  is  increased.  5.  The  spectrum 
when  K  coil  and  smaU  jar  are  employed.  G.  The  spectrum  when  a  large  coil 
and  large  jar  are  used.     7.  The  absorption  of  tiie  calcium  vapor  in  the  Sun. 

Id  fig.  3  I  have  collected  several  spectra  copied  from  photo- 
graphs in  order  that  the  line  of  argument  may  be  graspei 

First  we  see  what  happens  to  the  non -dissociated  and  the 
dissociated  chloride.  Next  we  have  the  lines  with  a  weak 
"oltaic  arc,  the  single  line  to  the  right  {W.  L.  -1226-3)  is  much 
ibicker  than  the  two  lines  (W.  L.  3933  and  3968}  to  the  left, 
and  reverses  itself. 

We  have  next  calcium  exposed  to  a  current  of  higher  ten- 
sion. It  will  be  seen  that  here  the  three  lines  are  almost 
equally  ihick,  and  all  reverse  themselves. 

Now  it  will  be  recollected,  that  in  the  case  of  known  com- 

I   pounds  the  band  structure  of  the  true  compounds  is  reduced 

'   as  dissociation  works  its  way,  and  the  spectrum  of  each  conati- 

-  tuent  element  makes  ilB  appearance.     If  in  3  we  take  the  wide 

line  as  representing  the  banded  spectrum  of  the  compound,  and 

the  thinner  ones  as  representing  the  longest  elemental  lines 
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makiDg  their  appearance  as  the  result  of  partial  dissociation, 
we  have,  by  hypothesis,  an  element  behaving  like  a  compound. 

If  the  hypothesis  be  true,  we  ought  to  be  able  not  only  to 
obtain,  wito  lower  temperatures,  a  still  greater  preponderance 
of  the  single  line,  as  we  do;  but  with  higher  temperatures,  a 
still  greater  preponderance  of  the  double  ones,  as  we  do. 

J  tested  this  in  the  following  manner:  Employing  photogra- 
phy, because  the  visibility  of  the  more  refrangible  lines  is 
small,  and  because  a  permanent  record  of  an  experiment,  free 
as  it  must  be  from  all  oias,  is  a  very  precious  thin^. 

Induced  currents  of  electricity  were  employed  in  order  that 
all  the  photographic  results  might  be  comparable. 

To  represent  the  lowest  temperature  I  used  a  small  induction 
coil  and  a  Leyden  jar  only  just  large  enough  to  secure  the 
requsite  amount  of  photographic  effect  To  represent  the 
highest,  I  used  the  largest  coil  and  iar.  at  my  disposal  The 
spark  was  then  taken  between  two  aluminium  electrodes,  the 
lower  one  cup-shaped,  and  chai^ged  with  a  salt  of  calcium. 

In  the  figure  I  give  exact  copies  of  the  results  obtained.  It 
will  be  seen  that  with  the  lowest  temperature  only  the  single 
line  (2)  and  with  the  highest  temperature  only  the  two  more 
refrangible  lines  (6)  are  recorded  on  the  plate. 

This  proved  that  the  intensity  of  the  vibrations  was  quite 
changed  in  the  two  experiments. 

Perhaps  it  may  not  be  superfluous  here  to  state  the  reasons 
which  induced  me  to  search  for  further  evidence  in  the  stars. 

It  is  abundantly  clear  that  if  the  so-called  elements,  or  more 
properly  speaking  their  finest  atoms — those  that  give  us  line 
spectra — are  really  compounds,  the  compounds  must  have  been 
formed  at  a  very  high  temperatura  It  is  easy  to  imagine  that 
there  may  be  no  superior  limit  to  temperature,  and  therefore 
no  superior  limit  beyond  which  such  combinations  are  possible, 
because  the  atoms  which  have  the  power  of  combining  together 
at  these  transcendental  stages  of  heat  do  not  exist  as  such,  or 
rather  they  exist  combined  with  other  atoms,  like  or  unlike,  at 
all  lower  temperatures.  Hence  association  will  be  a  combina- 
tion of  more  complex  molecules  as  temperature  is  reduced,  and 
of  dissociation,  therefore,  with  increased  temperature  there 
may  be  no  end. 

'That  is  the  first  point 

The  second  is  this  : — 

We  are  justified  in  supposing  that  our  "calcium,"  once 
formed,  is  a  distinct  entity,  whether  it  be  an  element  or  not, 
and  therefore,  by  working  at  it  alone,  we  should  never  know 
whether  the  temperature  produces  a  single  simpler  form  or 
more  atomic  condition  of  the  same  thing,  or  whether  we  actually 
break  it  up  into  x+y,  because  neither  x  nor  y  will  ever  vary 
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But  if  calcium  be  a  product  of  a  couditioD  of  relatively  lower 
temperature,  then  in  the  stars,  hot  enough  to  enable  its  consti- 
tuents  to  exist  uncompounded,  we  may  expect  these  constitu- 
ents to  vary  in  €[uantity  ;  there  may  be  more  of  x  in  one  star 
and  more  of  T  in  another ;  and  if  this  be  so,  then  the  H  and  K 
lines  will  vary  in  thickness,  and  the  extremest  limit  of  varia- 
tion will  be  that  we  shall  only  have  H  representing,  say  x  in 
one  star,  and  only  have  K  representing,  say  Y  in  another. 
Intermediately  between  these  extreme  conditions  we  may  have 
cases  in  which,  though  both  H  and  K  are  visible,  H  is  thicker 
in  some  and  K  is  thicker  in  others. 

Professor  Stokes  was  good  enough  to  add  largely  to  the 
value  of  my  paper  as  it  appeared  in  the  Proceedings^  by  append- 
ing a  note  pointing  out  that  ^'  When  a  solid  body  sucn  as  a 
platinum  wire,  traversed  by  a  voltaic  current,  is  heated  to 
incandescence,  we  know  that  as  the  temperature  increases  not 
only  does  the  radiation  of  each  particular  refrangibility  abso- 
lutely increase,  but  the  proportion  of  the  radiations  of  the 
different  refrangibilities  is  changed,  the  proportion  of  the  higher 
to  the  lower  increasing  with  the  temperature.  It  would  be  in 
accordance  with  analogy  to  suppose  that  as  a  rule  the  same 
would  take  place  in  an  incandescent  surface,  though  in  this  case 
the  spectrum  would  be  discontinuous  instead  of  continuous. 
Thus  if  A,  B,  C,  D,  E  denote  conspicuous  bright  lines  of 
increasing  refrangibility,  in  the  spectrum  of  the  vapor,  it  might 
rery  well  be  at  that  a  comparatively  low  temperature  A  should 
be  the  brightest  and  the  most  persistent ;  at  a  higher  temperature, 
while  all  were  brighter  than  before,  the  relative  brightness 
might  be  changed,  and  C  mi^ht  be  the  brightest  and  the  most 
persistent,  and  at  a  still  higher  temperature  E.'' 

On  these  grounds  Professor  Stokes,  while  he  regarded  the 
faults  I  mentioned  as  evidence  of  the  high  temperature  of  the 
sun,  did  not  look  upon  them  as  conclusive  evidence  of  the  dis- 
sociation of  the  molecule  of  calcium. 

Since  that  paper  was  sent  in,  however,  the  appeal  to  the  stars 
to  which  I  reierred  in  it  has  been  made,  and  made  with  the 
most  admirable  results,  by  Dr.  Huggins. 

The  result  of  that  appeal  is  that  the  line  which,  according  to 
Professor  Stokes*  view,  should  have  prevailed  over  all  others, 
as  Sirius  is  acknowledged  to  be  a  hotter  star  than  our  sun,  is 
that,  if  it  exists  at  all  in  the  spectrum,  it  is  so  faint  that  it  was 
not  recognized  by  Dr.  Huggins  in  the  first  instance. 

In  Sirius,  indeed,  the  H  line  due  to  one  molecular  grouping 
of  calcium  is  as  thick  as  are  the  hydrogen  lines  as  mappea  by 
Secchi,  while  the  K  line,  due  to  another  molecular  grouping, 
which  is  equally  thick  in  the  spectrum  of  the  sun,  has  not  yet 
made  its  appearance. 
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In  the  sun,  where  it  is  as  thick  as  H,  the  hydn^n  lines 
have  vastly  thinned. 

While  this  paper  has  been  in  preparation,  Dr.  Huggins  has 
been  ^ood  enough  to  communicate  to  me  the  resmts  of  his 
most  important  observations,  and  I  have  also  had  an  oppor- 
tunity of  inspecting  several  of  the  photographs  which  he  has 
recently  taken.  The  result  of  the  recent  work  has  been  to 
show  that  H  and  h  are  of  about  the  same  breadth  in  Sirios. 
In  a  AquilsB  while  the  relation  of  H  to  A  is  not  greatly  changed, 
a  distinct  approach  to  the  solar  condition  is  observed,  K  being 
now  unmistaKably  present,  although  its  breadth  is  small  as  com- 
pared with  that  of  H.  I  must  express  my  obligations  to  Dr. 
Huggins  for  granting  me  permission  to  enrich  my  paper  bj 
reference  to  these  unpublished  observations.  His  letter,  wtuch 
I  have  permission  to  G[uote,  is  as  follows : — 

"  It  may  be  gratifying  to  you  to  learn  that  in  a  photc^nph 
I  have  recently  taken  of  the  spectrum  of  a  AouiUd  there  is  a 
line  corresponding  to  the  more  refrangible  of  tne  solar  H  lines 
[that  is  Kj,  but  about  half  the  breadth  of  the  line  correspond- 
ing to  the  first  H  lines. 

In  the  spectra  of  a  LyrsB  and  Sirius  the  second  line  is  absrat^' 

K     H  Blue  line.  Bed  line. 


^ 


Btrlu. 
Sun. 
Arc 
Flame. 


Fig.  4. — The  Molecular  Groupings  of  Caldam. 

Professor  Young^s  observations  of  the  chromospheric  line,  to 
which  I  shall  afterward  refer,  give  important  evidence  regarding 
the  presence  of  calcium  in  the  chromosphere  of  the  sun.  He 
finds  that  the  H  and  K  lines  of  calcium  are  strongly  reversed 
in  every  important  spot,  and  that  in  solar  storms  H  has  been 
observed  injected  into  the  chromosphere  seventy -five  times,  and 
K  fifty  times,  while  the  blue  line  at  W.  L.  '4226-8,  the  all- 
important  line  at  the  arc-temperature,  was  only  injected  thric6 

Further,  in  the  eclipse  observed  in  Siam  in  1876,  the  H  and 
K  lines  left  the  strongest  record  in  the  spectrum  of  the  chromo- 
sphere, while  the  line  near  G  in  a  photographic  region  of  mudi 
greater  intensity  was  not  recorded  at  all.  In  the  American 
eclipse  of  the  present  year  the  H  and  K  lines  of  calcium  were 
distinctly  visible  at  the  base  of  the  corona,  in  which  for  the 
first  time  the  observer  could  scarcely  trace  the  existence  of  any 
hydrogen. 
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sum  up,  then,  the  facts  r^arding  calcium,  we  have  first 
the  H-line  differentiated  from  the  others  hj  its  almost 
•V  existence  in  Siriu&  We  have  the  K-line  differentiated 
the  rest  by  its  birth,  so  to  speak,  in  a  AquilaB,  and  the 
less  of  its  line  in  the  sun,  as  compared  to  that  in  the  arc. 
ave  the  blue  line  differentiated  from  H  and  K  by  its  thin- 
in  the  solar  spectrum  while  they  are  thick,  and  by  its 
less  in  the  arc  while  they  are  thin.  We  have  it  again 
^ntiated  from  them  by  its  absence  in  solar  storms  in  which 
ire  almost  universally  seen,  and  finally,  by  its  absence 
I  eclipses,  while  the  H  and  K  lines  have  been  the  bright- 
en or  photographed.  Last  stage  of  all,  we  have  calcium, 
fished  from  its  salts  by  the  fact  that  the  blue  line  is  only 
3  when  a  high  temperature  is  employed,  each  salt  having 
[lite  spectrum  of  its  own,  in  which  none  of  the  lines  to 
I  have  drawn  attention  appear,  so  long  as  the  tempera- 
i  kept  below  a  certain  point 

Iron. 

bh  regard  to  the  iron  spectrum  I  shall  limit  my  remarks 
t  portion  of  it  visible  on  my  photographic  plates  between 
L  G.  It  may  be  described  as  a  very  complicated  spectrum 
as  the  number  of  lines  is  concerned  in  comparison  with 
bodies  as  sodium  and  potassium,  lead,  thallium,  and  the 
)ut  unlike  them  again  it  contains  no  one  line  which  is 
Y  and  unmistakably  reversed  on  all  occasions.  Compared, 
rer,  with  the  spectrum  of  such  bodies  as  cerium  and 
im  the  spectrum  is  simplicity  itself. 
N  among  these  lines  are  two  triplets,  two  sets  of  three 
jach,  giving  us  beautiful  examples  of  those  repetitions  of 
ure  in  the  spectrum  which  we  meet  with  in  the  spectra  of 
t  all  bodies,  some  of  which  have  already  been  pointed 
J  Mascart,  Cornu,  and  mysell  Now  the  facts  indicate 
tiese  two  triplets  are  not  due  to  the  vibration  of  the  same 
ular  grouping  which  gives  rise  to  most  of  the  other  lines, 
are  as  follows :  In  many  photographs  in  which  iron  has 
compared  with  other  bodies,  and  in  others  again  in  which 
as  been  photographed  as  existing  in  different  degrees  of 
•ity  in  other  bodies,  these  triplets  have  been  seen  almost 
and  the  relative  intensity  oit  them,  as  compared  with  the 
emaining  lines,  is  greatly  changed.  In  this  these  photo- 
s  resemble  one  I  took  three  years  ago,  in  which  a  large 
nd  jar  were  employed  instead  of  the  arc,  which  necessi- 
an  exposure  of  an  hour  instead  of  two  minutes.  In  this 
iplet  near  G  is  very  marked,  the  two  adjacent  lines  more 
gible  near  it,  which  are  seen  nearly  as  strong  as  the 
;  itself,  in  some  of  the  arc  photographs  I  possess,  are  only 


108  J.  N,  Lo€kyer  <m  the  supposed  Compound 


very  faintly  visible,  while  dimmer  still  are  seen  the  lines  of  the 
triplet  between  H  and  A. 

Tbei*e  is  another  series  of  facts  in  another  line  of  work.  In 
solar  storms,  as  is  well  known,  the  iron  lines  sometimes  make 
their  appearance  in  the  chromosphera  Now,  if  we  were  deal- 
ing here  with  one  molecular  grouping,  we  should  expect  the 
lines  to  make  their  appearance  in  the  order  of  their  lengtha^ 
and  we  should  expect  the  shortest  lines  to  occur  less  freauentlj 
than  the  longest  ones.  Now,  precisely  the  opposite  is  tne  bisL 
One  of  the  most  valuable  contributions  to  solar  physics  that 
we  possess  is  the  memoir  in  which  Professor  C.  A.  Young 
records  his  observation  of  the  chromospheric  lines,  made  on 
behalf  of  the  United  States  Government,  at  Shumar,  in  the 
Bocky  Mountains.  The  glorious  climate  and  pure  air  of  this 
region,  to  which  I  can  personally  testify,  enabled  him  to  record 

!)henomena  which  it  is  hopeless  to  expect  to  see  under  leas 
iavorable  conditions.  Amons  these  were  injections  of  iron 
vapor  into  the  chromosphere,  the  record  taking  the  form  of  the 
number  of  times  any  one  line  was  seen  during  the  whole  period 
of  observation. 

Now  two  very  faint  and  short  lines  close  to  the  triplet  near 
G  were  observed  to  be  injected  thirty  times,  while  one  of  the 
lines  of  the  triplet  was  only  injected  twice. 

The  question  next  arises,  are  the  triplets  produced  by  one 
molecular  grouping  or  by  two  ?  This  question  I  also  think 
the  facts  help  us  to  answer.  I  will  first  state  by  way  of  re- 
minder that  in  the  spark  photograph  the  more  refrangible  trip- 
let is  barely  visible,  while  the  one  near  G  is  very  strong.  Now 
if  one  molecular  grouping  alone  were  in  question  this  relative 
intensity  would  always  be  preserved  however  much  the  abso- 
lute intensity  of  the  compound  system  might  vary,  but  if  it  is 
a  question  of  two  molecules  we  might  expect  that  in  some  of 
the  regions  open  to  our  observation  we  should  get  evidence  of 
cases  in  which  the  relative  intensity  is  reserved  or  the  two 
intensities  are  assimilated.  What  might  happen  does  happen: 
the  relative  intensity  of  the  two  triplets  in  the  spark  photograph 
is  grandly  reversed  in  the  spectrum  of  the  sun.  The  lines 
barely  visible  in  the  spark  photograph  are  among  the  most 
prominent  in  the  solar  spectrum,  while  the  triplet  which  is 
strong  in  that  photograph  is  represented  by  Fraunhofer  lines 
not  half  so  thicK.  Indeed,  while  the  hypothesis  that  the  iron 
lines  in  the  region  I  have  indicated  are  produced  by  the  vibra- 
tion of  one  molecule  does  not  include  all  the  facts,  the  hypo- 
thesis that  the  vibrations  are  produced  by  at  least  three  distinct 
molecules  includes  all  the  phenomena  in  a  most  satisfactory 
manner. 
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Lithium. 

Before  the  maps  of  the  long  and  short  lines  of  some  of  the 
ebemical  elements  compared  with  the  solar  spectra,  which  were 
published  in  the  Phil.  Trans,  for  1873,  "  Plate  IX,"  were  com- 
maoicated  to  the  Society,  I  very  carefully  tested  the  work  of 

1)rior  observers  on  the  non-coincidence  of  the  red  and  orange 
ines  of  that  metal  with  the  Fraunhofer  lines,  and  found  that 
neither  of  them  were  strongly  if  at  all  represented  in  the  sun, 
and  this  remark  also  applies  to  a  line  in  the  blue  at  wave- 
length  4608. 

The  photographic  lithium  line,  however,  in  the  violet,  has  a 
strong  representative  among  the  Fraunhofer  lines. 

Applying,  therefore,  the  previous  method  of  stating  the  facts, 
the  presence  of  this  line  in  the  sun  differentiates  it  from  all  the 
others.     For  the  differentiation  of  the  red  and  yellow  lines  I 
need  only  refer  to  Bunsen's  spectral  analytical  researches,  which 
were  translated  in  the  Philosophical  Magazine,  December,  1875. 
In  Plate  IV,  two  spectra  of  the  lithium  chloride  are  given, 
one  of  them  showing  the  red  line  strong  and  the  yellow  one 
feeble,  the  other  showing  merely  a  trace  of  the  red  line,  while 
the  intensity  of  the  yellow  one  is  much  increased,  and  a  line 
in  the  blue  is  indicated.     Another  notice  of  the  blue  line  of 
lithium  occurs  in  a  discourse  by  Professor  Tyndall,  reprinted 
in  the  Chemical  News,  and  a  letter  of  Dr.  Frankland's  to  Pro- 
fessor Tyndall,  dated  November  7,   1861.     This  letter  is  so 
important  for  my  argument,  that  I  reprint  it  entire  from  the 
Philosophical  Magazine,  vol.  xxii,  p.  472 : — 

"On  throwing  the  spectrum  of  lithium  on  the  screen  yester- 
day, I  was  surprised  to  see  a  magnificent  blue  band.  At  first 
I  thought  the  lithium  chloride  must  be  adulterated  with  stron- 
tium, but  on  testing  it  with  Steinheil's  apparatus  it  yielded 
normal  results  without  any  trace  of  a  blue  band.  I  am  just 
now  reading  the  report  of  your  discourse  in  the  Chemical 
News,  and  T  find  that  you  have  noticed  the  same  thing. 
Whence  does  this  blue  line  arise  ?  Does  it  really  belong  to 
the  lithium,  or  are  the  cone  points  or  ignited  air  guilty  of  its 
production?  I  find  there  blue  bands  with  common  salt,  but 
they  have  neither  the  definiteness  nor  the  brilliancy  of  the 
fithiam  band.  When  lithium  wire  burns  in  air  it  emits  a 
Somewhat  crimson  light ;  plunge  it  into  oxygen,  and  the  light 
changes  to  bluish  white.  This  seems  to  indicate  that  a  high 
temperature  is  necessary  to  bring  out  the  blue  ray." 

Postscript,  Nov.  22,  1861. — I  have  just  made  some  further 
experiments  on  the  lithium  spectrum,  and  they  conclusively 
prove  that  the  appearance  of  the  blue  line  depends  entirely  on 
the  temperature.  The  spectrum  of  lithium  chloride,  ignited  in 
a  Bunsen's  burner  flame,  does  not  disclose  the  faintest  trace  of 
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the  blue  line;  replace  the  Bunsen's  burner  by  a  jet  of  hydro- 
gen (the  temperature  of  which  is  higher  than  that  of  the  Bun- 
sen's  burner)  and  the  blue  line  appears,  faint,  it  is  true,  bnt 
sharp  and  quite  unmistakable.  If  oxygen  now  be  solely 
turned  into  the  jet,  the  brilliancy  of  the  blue  line  increases 
until  the  temperature  of  the  flame  rises  high  enough  to  fuse 
the  platinum,  and  thus  put  an  end  to  the  experiment/' 

Tnese  observations  of  Professors  Tyndall  and  Frankland 
differentiate  this  blue  line  from  those  which  are  observed  at 
low  temperatures.  The  line  in  the  violet  to  which  I  have 
already  referred,  is  again  ditf*erentiated  from  all  the  rest  by  the 
fact  that  it  is  the  only  line  in  the  spectrum  of  the  sun  which  is 
strongly  reversed,  so  far  as  our  present  knowledge  extends. 
The  various  forms  of  lithium,  therefore,  may  be  shown  in  the 
following  manner. 
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Fig.  6. — The  Molecular  Groupings  of  lithium. 

It  is  remarkable  that  in  the  case  of  this  body  which  at  rela- 
tively low  temperature  goes  through  its  changes,  its  compounds 
are  broken  up  at  the  temperature  of  the  Bunsen  burner.  The 
spectrum,  e.  g.  of  the  chloride,  so  far  as  I  know,  has  never  been 
seen. 

Hydrogen. 

All  the  phenomena  of  variability  and  inversion  in  the  order 
of  intensity  presented  to  us  in  the  case  of  calcium  can  be  par- 
alleled by  reference  to  the  knowledge  already  acquired  regard- 
ing the  spectrum  of  hydrogen. 

Dr.  Frankland  and  myself  were  working  together  on  the 
subject  in  1869.  In  that  year  (Proc.,  No.  112)  we  pointed  out 
that  the  behavior  of  the  h  line  was  liors  ligne^  and  that  the 
whole  spectrum  could  be  reduced  to  one  line,  F. 

"  1.  The  Fraunhofer  line  on  the  solar  spectrum,  named  A  bj 
Angstrom,  which  is  due  to  the  absorption  of  hydrogen,  is  ni 
visible  in  the  tubes  we  employ  with  low  battery  and  Leydeo- 
jar  power ;  it  may  be  looked  upon,  therefore,  as  an  indicavioD 
of  relatively  high  temperature.  As  the  line  in  question  has 
been  reversed  by  one  of  us  in  the  spectrum  of  the  chromo- 
sphere, it  follows  that  the  chromosphere,  when  cool  enough  to 
aosorb,  is  still  of  a  relatively  high  temperatura 

"2.  Under  certain  conditions  of  temperature  and  pressure, 
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the  very  complicated  spectrum  of  hydrogen  is  reduced  in  our 
instrument  io  one  line  in  the  green  corresponding  to  F  in  the 
solar  spectrum." 

As  in  the  case  of  calcium  also,  solar  observation  affords  us 
most  precious  knowledge.  The  h  line  was  missing  from  the 
protuberances  in  1875,  as  will  be  shown  from  the  accompany- 
ing extract  from  the  Report  of  the  Eclipse  Expedition  oi  that 
year: — 

**  During  the  first  part  oE  the  eclipse  two  strong  protuber- 
ances close  together  are  noticed  ;  on  the  limb  towards  the  end 
these  are  partially  covered,  while  a  series  of  protuberances 
eame  out  at  the  other  edge.  The  strongest  of  these  protuber- 
ances are  repeated  three  times,  an  eflFect  of  course  of  the  prism, 
and  we  shall  have  to  decide  if  possible  the  wave-lengths  corre- 
iponding  to  the  images.  We  expect  a  yriori  to  find  the  hydro- 
gen lines  represented.  We  know  three  photographic  hydrogen 
nnes:  F,  a  line  near  G,  and  h.  F  is  just  at  the  limit  of  the 
photographic  part  of  the  spectrum,  and  we  find  indeed  images 
of  protuberances  towards  the  less  refrangible  part  at  the  limit 
of  photographic  effect.  For,  as  we  shall  show,  a  continuous 
spectrum  in  the  lower  parts  of  the  corona  has  been  recorded, 
and  the  extent  of  this  continuous  spectrum  gives  us  an  idea 
of  the  part  of  the  spectrum  in  which  each  protuberance  line  is 
placed.  We  are  justified  in  assuming,  therefore,  as  a  prelimin- 
ary hypothesis,  that  the  least  refrangible  line  in  the  protuber- 
ance shown  on  the  photograph  is  due  to  F,  and  we  shall  find 
support  of  this  view  in  the  other  lines.  In  order  to  determine 
the  position  of  the  next  line  the  dispersive  power  of  the  prism 
was  investigated.  The  prism  was  placed  on  a  ffoniometer  table 
in  minimum  deviation  for  F,  and  the  angular  distance  between 
F  and  the  hydrogen  line  near  G,  i.  e.  Ht*,  was  found,  as  a  mean 
of  several  measurements  to  be  3'.  The  goniometer  was  gradu- 
ated to  16'',  and  owing  to  the  small  dispersive  power,  and 
therefore  relatively  gre^t  breadth  of  the  slit,  the  measurement 
can  only  be  regarded  as  a  first  approximation.  Turning  now 
again  to  our  photographs,  and  calculating  the  angular  distance 
between  the  first  and  second  ring  of  protuberances,  we  find 
that  distance  to  be  8'  15".  We  conclude,  therefore,  that  this 
second  ring  is  due  to  hydrogen.  We,  therefore,  naturally 
looked  for  the  third  photographic  hydrogen  line,  which  is  gen- 
erallv  called  A,  but  we  found  no  protuberance  on  our  photo- 
graplis  corresponding  to  that  wave-length.  Although  this  line 
18  always  weaker  than  Ht*,  its  absence  on  the  photograph  is 
rather  surprising,  if  it  be  not  due  to  the  fact  that  the  line  is 
one  which  onlv  comes  out  at  a  high  temperature.  This  is  ren- 
dered likely  oy  the  researches  of  Frankland  and  Lockyer 
(Proc.  Roy.  Soc.,  vol  xvii,  p.  458). 
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'^  We  now  turn  to  the  last  and  strongest  series  of  protube^ 
anees  shown  on  our  photographs.  The  distance  between  this 
series  and  tlie  one  we  have  found  reason  for  identifying  with 
Hy  is  very  little  greater  than  that  between  H^  and  H7. 
Assuming  the  distances  equal,  we  conclude  that  the  squares  of 
the  inverse  wave-lengths  of  the  three  series  are  in  arithmetical 
progression.  This  is  true  as  a  first  approximation.  We  then 
calculated  the  wave-length  of  this  unknown  line,  and  found  it 
to  be  approximately  somewhat  smaller  than  3,957  tenth-moters. 
No  great  reliance  can  be  placed,  of  course,  on  the  number,  but 
it  appears  that  the  line  must  be  close  to  the  end  of  the  visible 
spectrum. 

"  In  order  to  decide  if  possible  what  this  line  is  due  to,  we 
endeavored  to  find  out  both  by  photography  and  fluorescence 
whether  hydrogen  possesses  a  line  in  that  part  of  the  spectrum. 
We  have  not  at  present  come  to  any  definite  conclusion.  In 
vacuum  tubes  prepared  by  Geissler  containing  hydrogen,  a 
strong  line  more  refrangible  than  H  is  seen,  but  "these  same 
tubes  show  between  H/*  and  Hd,  other  lines  known  not  to 
belong  to  hydrogen,  and  the  origin  of  the  ultra-violet  line  is 
therefore  difficult  to  make  out  We  have  taken  the  spark  in 
hydrogen  at  atmospheric  pressures,  as  impurities  are  easier  to 
eliminate,  but  a  continuous  spectrum  extends  over  the  violet 
and  part  of  the  ultra-violet,  and  prevents  any  observation  as 
to  lines.  We  are  going  on  with  experiments  to  settle  this 
point. 

**  Should  it  turn  out  that  the  line  is  not  due  to  hydrogen, 
the  question  will  arise  what  subsUmce  it  is  due  to.  It  is  a 
remarkable  fact  that  the  calculated  wave-length  comes  very 
close  to  H.  Young  has  found  that  these  calcium  lines  are 
always  reversed  in  the  penumbra  and  immediate  neighborhood 
of  every  important  sun-spot,  and  calcium  must  therefore  go  up 
high  into  the  chromosphere.  We  draw  attention  to  this  coinci- 
dence, but  our  photographs  do  not  allow  us  to  dmw  any  cer- 
lain  conclusions. 

"  At  any  rate,  it  seems  made  out  by  our  photographs  that  the 
photographic  light  of  the  protuberances  is  in  great  j^art  due  to 
an  ultra-violet  line  which  does  not  certainly  belong  to  hydro- 
gen. The  protuberances  as  photographed  by  this  ultra-violei 
ray  seem  to  go  up  higher  than  the  hydrogen  protuberances, 
but  this  may  be  due  to  the  relative  greater  lengtn  of  the  line." 

In  my  remarks  upon  calcium  I  have  already  referred  to  the 
fact  that  the  line  which  our  observation  led  us  to  believe  wa« 
due  to  calcium  in  1875,  was  traced  to  that  element  in  this  year^i 
eclipse.  The  observations  also  show  the  curious  connection  that, 
at  the  time  when  the  hydrogen  lines  were  most  brilliant  in  the 
corona,  the  calcium  lines  were  not  detected ;  next,  when  the 
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hydrogen  lines,  being  still  brilliant,  the  h  liiie  was  not  present 
(a  condition  of  things  which,  in  all  probability,  indicated  a 
reduction  of  temperature),  calcium  began  to  make  itself  unmis- 
takably visible ;  and  finally,  when  the  hydrogen  lines  are 
absent,  they  become  striking  objects  in  the  spectrum  of  the 
corona. 

To  come  back  to  A,  then,  I  have  shown  that  Dr.  Franklaod 
and  myself,  in  1869,  found  that  it  only  made  its  appearance 
when  a  high  tension  was  employed.  We  have  seen  that  it  was 
absent  from  among  the  hydrogen  lines  during  the  eclipse  of 
1875. 

I  have  now  to  strengthen  this  evidence  by  the  remark  that 
it  is  always  the  shortest  line  of  hydrogen  in  the  chromosphere. 

I  now  pass  to  another  line  of  evidence. 

I  sabmit  to  the  Societv  a  photograph  of  the  spectrum  of 
indium,  in  which,  as  already  recorded  by  Thalftn,  the  strongest 
line  is  one  of  the  lines  of  hydrogen  (^),  the  other  line  of  hydro- 
gen (near  G)  being  absent  I  have  observed  the  C  line  in  the 
ipark  produced  by  the  passage  of  an  induced  current  between 
indium  poles  in  dry  air. 

As  I  am  aware  how  almost  impossible  it  is  to  render  air  per- 
fectly dry,  I  made  the  following  diflTerential  experiment.  A 
glass  tube  with  two  platinum  poles  about  half  an  inch  apart 
was  employed.  Through  this  tube  a  slow  current  of  air  was 
driven  after  passing  through  a  U  tube  one  foot  high,  containing 
calcium  chloride,  and  then  through  sulphuric  acid  in  a  Wolff's 
bottla  The  spectrum  of  the  spark  passing  between  the  plati- 
num electrodes  was  then  observed,  a  coil  with  five  Grove  cells 
and  a  medium  sized  jar  being  employed.  Careful  notes  were 
made  of  the  brilliancy  and  thickness  of  the  hydrogen  lines  as 
compared  with  those  of  air.  This  done,  a  piece  of  metallic 
indium  which  was  placed  loose  in  the  tube,  was  shaken  so  that 
one  part  of  it  rested  against  the  base  of  one  of  the  poles,  and 
one  of  its  ends  at  a  distance  of  little  less  than  half  an  inch 
from  the  base  of  the  other  pole.  The  spark  then  passed 
between  the  indium  and  the  platinum.  The  red  and  blue  lines 
of  hydrogen  were  then  observed  both  by  my  friend,  Mr.  G.  W. 
Hemming,  Q.O.,  and  myselt  Their  brilliancy  was  most  mark- 
edly increased.  This  unmistakable  indication  of  the  presence 
.  of  hydrogen,  or  rather  of  that  form  of  hydrogen  which  gives 
us  the  h  Tine  alone  associated  into  that  form  which  gives  us  the 
blue  and  red  lines,  showed  us  that  in  the  photograph  we  were 
not  dealing  with  a  physical  coincidence,  but  that  in  the  arc  this 
special  form  of  hydrogen  had  really  been  present ;  that  it  had 
come  from  the  indium,  and  that  it  had  registered  itself  on  the 
photographic  plate,  although  ordinary  hydrogen  persistently 
lefoses  to  do  so.    Although  I  was  satisfied  from  former  experi- 
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merits  that  occluded  hydrogen  behaves  in  this  respect  like 
ordinary  hydrogen,  I  b^ged  my  friend,  Mr.  W.  C.  Roberta, 
F.R  S.,  chemist  to  the  Mint,  to  charge  a  piece  of  palladium 
with  hydrc^en  for  me.  This  he  at  once  did,  and  I  take  this 
present  opportunity  to  express  my  obligation  to  him.  I  exhibit 
to  the  Society  a  photograph  of  this  palladium  and  of  indium 
side  by  side.  It  will  be  seen  that  one  form  of  hydrogen  in 
indium  has  distinctly  recorded  itself  on  the  plate,  while  tnatin 

f>a1]adium  has  not  left  a  traca  I  should  add  that  the  pal- 
adium  was  kept  in  a  sealed  tube  till  the  moment  of  making 
the  experiment,  and  that  special  precautions  were  taken  to  pre- 
vent the  two  pieces  between  which  the  arc  was  taken  becoming 
undulv  heated. 

To  sum  up,  then,  the  facts  with  r^ard  to  hydrogen  :  we  have 
A  ditferentiated  from  the  other  lines  by  its  appearance  alone  in 
indium,  by  its  absence  during  the  eclip|8e  m  1875,  when  the 
other  lines  were  photographed  by  its  existence  as  a  short  line 
only  in  the  chromosphere  of  the  sun,  and  by  the  fact  that  in 
the  experiments  of  1869  a  very  high  temperature  was  needed 
to  cause  it  to  make  its  appearance. 

Fig.  6. 
A        O  F  C 
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With  regard  to  the  isolation  of  the  F  line  I  have  already 
referred  to  other  experiments  in  1869,  in  which  Dr.  Prankland 
and  myself  got  it  alone.  I  exhibit  to  the  Society  a  globe  con- 
taining hydrogen  which  gives  us  the  F  line  without  either  the 
red  or  the  blue  one. 

The  accompanying  drawing  (Fig.  6)  shows  how  these  lines 
are  integrated  in  the  spectra  of  the  sun. 
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I  have  other  evidence  which  leads  to  the  conclusion  that  the 
substance  which  gives  us  the  non-reversed  line  in  the  chromo- 
sphere and  the  line  1474  of  Kirchotl''s  scale,  termed  the  coronal 
line,  are  really  other  forms  of  hydrogen.    One  of  these  is  more 
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simple  than  that  which  gives  us  h  alone,  the  other  more  com- 
plex than  that  which  gives  us  F  alone.  The  evidence  on  this 
point  is  of  such  extreme  importance  to  solar  physics  and 
throws  so  much  light  on  star  structure  generally,  that  I  shall 
reserve  it  for  a  special  communication. 

In  the  meantime  I  content  myself  by  giving  a  diagram  (Fig.  7) 
in  which  I  have  arranged  the  various  groupings  of  hydrogen  as 
thej  appear  to  exist,  from  the  regions  of  highest  to  those  of 
lowest  temperature  in  our  central  luminary. 

Summation  of  the  above  Series  of  Facts, 

• 

I  submit  that  the  facts  above  recorded  are  easily  grouped 
together,  and  a  perfect  continuity  of  phenomena  estaolished  on 
the  hypothesis  of  successive  dissociations  analogous  to  those 
observed  in  the  cases  of  undoubted  compounds. 

The  other  Branches  of  the  Inquiry, 

When  we  pass  to  the  other  possible  evolutionary  processes 
to  which  I  have  before  referred,  and  which  1  hope  to  discuss 
CD  a  future  occasion,  the  inquiry  becomes  much  more  compli- 
cated by  the  extreme  difficulty  of  obtaining  pure  specimens  to 
work  with,  although  I  should  remark  that  in  the  working 
hypothesis  now  under  discussion^  the  cause  of  the  constant 
occurrence  of  the  same  substance  as  an  impurity  in  the  same 
connection  is  not  far  to  seek.  I  take  this  opportunity  of 
expressing  my  obligations  to  many  friends  who  have  put  them- 
selves to  great  trouble  in  obtaining  specimens  of  pure  chem- 
icals for  me  during  the  whole  continuance  of  my  researches. 
Among  these  1  must  mention  Dr.  Eussell,  who  has  given  me 
many  specimens  prepared  by  the  lamented  Matthiessen,  as  well 
as  some  of  cobalt  and  nickel  prepared  by  himself;  Prof. 
Roscoe,  who  has  supplied  me  with  vanadium  and  caesium 
alum;  Mr.  Crookes,  who  has  always  responded  to  my  call  for 
thallium;  Mr.  Roberts,  chemist  to  the  Mint,  who  has  supplied 
me  with  portions  of  the  gold  and  silver  trial  plates  and  some 
pieces  of  palladium  ;  Dr.  Hugo  Miiller,  who  has  furnished  me 
with  a  large  supply  of  electrolitically-deposited  copper;  Mr. 
Holtzman,  who  has  provided  me  with  cerium,  lanthanum,  and 
didymium  prepared  by  himself;  Mr.  George  Matthay,  of  the 
well-known  metallurgical  firm  of  Johnson  and  Matthay,  who 
has  provided  me  magnesium  and  aluminium  of  marvellous 
purity ;  while  to  Mr.  Valentin,  Mr.  Mellor,  of  SalforJ,  and 
other  friends,  my  thanks  are  due  for  other  substances. 

I  have  already  pointed  out  that  a  large  portion  of  the  work 
done  in  the  last  four  years  has  consisted  in  the  elimination  of 
the  eflfects  of  impurities.  I  am  therefore  aware  of  the  great 
necessity  for  caution  in  the  spectroscopic  examination  of  various 
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substances.  There  is,  however,  a  number  of  bodies  which 
permit  of  the  inquiry  into  their  simple  or  complex  natare  being 
made  in  such  a  manner  that  the  presence  of  imparities  will  be 
to  a  certain  extent  negligable.  I  have  brought  this  subject 
before  the  Boval  Society  at  its  present  stage,  in  the  hope  that 
pos^5ibly  others  may  be  induced  to  aid  inquiiy  in  a  region  in 
which  the  work  of  one  individual  is  as  a  drop  m  the  ocean.  If 
there  is  anything  in  what  I  have  said,  the  spectra  of  all  the 
elementary  substances  will  require  to  be  re-raapped  and  re- 
mapped from  a  new  standpoint:  further,  the  are  must  replace 
the  sjmrk,  and  photography  must  replace  the  eve.  A  glance 
at  the  re<i  end  of  the  spectrum  of  almost  any  substance  incan- 
descent in  a  voltaic  arc  in  a  spectroscope  of  large  dispersion, 
and  a  glance  at  the  maps  prepared  by  such  eminent  observers 
as  Hutrsrins  and  Thalen,  who  have  used  the  coil,  will  give  an 
idea  of  the  mass  of  facts  which  have  yet  to  be  recorded  and 
re«liiced  before  much  further  progress  can  be  made. 

In  conclusion  I  would  state  that  only  a  small  part  of  the 
work  to  which  I  have  drawn  attention  is  my  own.  In  some 
cases  I  have  merely,  as  it  were,  codified  the  work  done  by 
other  observers  in  other  countries.  With  reference  to  that 
done  in  my  own  laboratory,  I  mav  here  repeat  what  I  have  said 
before  on  other  occasions,  that  it  is  largely  due  to  the  skill, 
)atience,  and   untiring  zeal   of   those  who  have  assisted  ma 

he  burthen  of  the  final  reduction,  to  which  I  have  before 
referred,  has  fallen  to  Mr.  Miller,  my  present  assistant;  while 
the  mapping  of  the  positions  and  intensities  of  the  lines  was 
done  l)v  Messrs  Friswell,  Meldola,  Ord,  and  Starling,  who  have 
successively  filled  that  post. 

I  have  to  thank  Cor[>oral  E wings,  R.R,  for  preparing  the 
various  diagrams  which  I  have  submitted  to  the  notice  of  this 
Societv. 


¥ 


Art.  XII. — On  the  Velocity  of  very  Loud  Sounds;  by  WiLLUM 
W.  Jacques,  Fellow  of  the  Johns  Hopkins  University. 

It  is  very  well  known  that  the  velocity  of  a  musical  sound 
is,  within  verv  wide  limits,  sensibly  independent  of  its  intensity 
and  of  its  pitch.  The  experimental  proof  of  this  is  that  a  piece 
of  music,  played  by  a  military  band  at  a  considerable  distance, 
comes  to  the  ear  of  the  observer  with  its  harmony   entirely 

undisturbed. 

A  consideration  of  the  theory  of  the  propagation  of  a  musical 
sound  too,  shows  that  for  sounds  such  as  we  ordinarily  hear, 
in  which  the  change  of  density  from  the  rarified  to  the  con- 
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nsed  portion  of  the  wave  is  small  compared  with  the  density 
the  undisturbed  air,  the  velocity  should  be  independent  botn 
the  intensity  and  the  pitch. 

When,  however,  we  come  to  the  consideration  of  a  loud  and 
Birp  shock  or  explosion,  in  which  the  disturbances  are  very 
^lent  and  abrupt,  we  cannot  be  at  all  sure  that  the  changes  of 
Dsity  are  negligibly  small,  and  hence  that  the  velocity  of 
and  for  such  cases  would  be  a  constant 
So  little  is  known  of  the  conditions  in  the  case  of  the  forma- 
•n  and  propagation  of  sound  from  a  center  of  explosion,  and 
5  mathematical  considerations  of  such  conditions  as  we  may 
Qsume  are  so  difficult,  that  we  must  look  almost  entirely  to 
periment  for  our  knowledge  of  the  propagation  of  very 
id  ROund&  But  our  experimental  evidence  on  this  point  is 
ry  limited.  Nearly  all  of  the  experiments  that  have  been 
ide  upon  the  velocity  of  sound  have  been  made  with  a  can- 
m  and  have  not  agreed  remarkably  well  with  each  other ;  nor 
ive  the  thermodynamic  quantities  calculated  from  them,  on  the 
pposition  that  the  velocity  is  identical  with  that  of  a  musical 
and,  agreed  very  well  with  the  values  of  the  same  quantities 
itennined  by  other  methods.  But  we  cannot  say  whether  these 
Tors  are  due  to  the  character  of  the  sound  or  to  other  causes. 

The  very  short  interval  between  the  flash  and  the  report  of 
stroke  of  lightning,  even  when  it  takes  place  at  a  consiaerable 
istaDce,  has  been  instanced*  as  a  proof  of  the  greater  velocity 
r  very  loud  sounds,  but,  so  far  as  the  writer  is  aware,  this  has 
ot  yet  been  reduced  to  experiment. 

The  experiments  of  Eegnaultf  in  water  pipes  showed  that 
le  velocity  of  a  pistol  report  became  slightly  less  each  time 
lat  it  was  reflected  along  the  pipe,  but  the  change  was  very 
nail  and  its  cause  is  doubtful. 

The  following  paper  contains  an  account  of  some  automatic 
measurements  of  the  velocity  of  sound  in  the  immediate 
icinity  of  a  cannon.     The  results  show  that  the  velocity  near 

cannon  is  considerably  different  from  that  at  a  distance  and 
oint  out  a  considerable  error  that  has  been  introduced  into  the 
lost  important  measurement  of  this  quantity. 

The  experiments  were  made  at  the  United  States  Arsenal  in 
Vatertown,  Mass. 

The  method  used  was  an  automatic  measurement  of  the 
elocity  at  different  distances,  varying  from  ten  to  one  hundred 
od  ten  feet,  from  the  mouth  of  the  cannon,  by  means  of  a 
jriesof  membranes:^  electrically  connected  with  a  chronograph. 

In  the  midst  of  a  large  level  field  was  placed  a  six-pound 
rass  field  piece.     In  the  rear  of  this,  at  distances  of  10,  30,  50, 

^  Esmshaw,  PhiL  Mag.,  1 860.  f  Regnault*8  Memoirs. 

I  Begnault  uaed  membranes,  though  unlike  these,  in  his  water-pipe  experiments. 
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70,  90  and  110  feet  from  the  mouth  of  the  cannon,  were  placed 
the  membranes,  elevated  about  three  feet  above  the  groand. 
These  membranes  consisted  each  of  a  hoop  nine  inches  in 
diameter  over  which  was  stretched  a  sheet  of  thin  rubber.  To 
the  center  of  the  membrane,  and  on  the  side  toward  the  can- 
non, was  attached  a  very  small  shelf  of  polished  brass.  Upon 
this  rested  one  end  of  a  delicate  steel  spring,  the  other  end  being 
fixed  to  an  independent  support. 

The  wire  that  brought  the  current  of  electricity  from  the 
chronograph  house  was  connected  with  the  spring,  and  frjm  the 
shelf  a  second  wire  returned  to  the  chronograph.  When  the 
spring  rested  upon  the  shelf  the  circuit  was  closed.  The  pass- 
age of  the  sound  wave,  however,  would  move  the  membrane 
and  break  the  circuit,  causing  a  register  on  the  chronograph. 
When  the  spring  fell  it  rested  upon  a  contact  point  from  which 
a  wire  ran  to  the  next  membrane  of  the  series,  so  that  the  cir- 
cuit, immediately  after  being  broken  at  the  first  membrane,  was 
made  again  through  the  second,  before  the  sound  wave  reached 
it  In  this  way  the  current  could  be  transferred  to  all  the 
membranes  of  the  series  and  the  successive  breakings  and  mak- 
ings of  contact,  as  the  sound  wave  passed  each  one,  could  be 
registered  on  a  chronograph  placed  at  a  distance. 

The  chronograph  used  was  of  the  Schultzform  and  consisted 
essentially  of  a  rapidly  and  uniformly  revolving  cylinder  of  sil- 
ver covered  with  lamp  black,  which  was  made  one  pole  of  the 
secondary  coil  of  an  inductorium,  the  primary  coil  of  which  was 
in  circuit  with  the  membranes.  The  other  poleof  the  secondary 
coil  was  a  fine  metal  point  brought  very  near  to  the  surface  of 
the  cylinder.  When  the  primary  circuit  was  broken  or  com- 
pleted at  the  membranes,  a  spark  passed  between  the  metal 
point  and  the  cylinder  and  made  a  fine  dot  in  the  lamp  black, 
fey  the  side  of  the  point  was  an  electrical  tuning-fork  which 
traced  a  sinuous  curve  of  times  on  the  lamp-blacked  surface  of 
the  cylinder.  The  time  could  thus  be  measured  to  '00001  of  a 
second.  All  that  was  necessary  then  for  the  experiment  was  to 
choose  a  moment  when  the  air  was  as  nearly  as  possible  at  rest 
and  then,  the  membranes  being  in  order,  to  start  the  chrono- 
graph and  fire  the  gun.  The  distances  between  the  membranes 
were  then  accurately  measured,  the  times  of  passage  between 
successive  membranes  determined  from  the  chronograph  and 
the  temperatures  read  oft'  from  thermometers  placed  at  each 
membrane. 

The  experiment  was  many  times  repeated  with  the  mem- 
branes interchanged,  with  different  velocities  and  parts  of  the 
chronograph  cylinder  and  with  other  precautions  to  prevent 
possible  errors,  but  always  with  the  same  result  It  was 
found    that    immediately    in    the    rear    of    the    cannon    the 
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velocity  of  sound  was  less  than  at  a  distance,  but  that 
going  further  and  further  from  the  cannon,  the  velocity  of  sound 
rose  to  a  maximum  considerably  above  the  ordinary  velocity  and 
then  fell  gradually  to  about  the  velocity  usually  received 

In  order  to  determine  whether  the  first  low  velocities  were 
due,  as  was  supposed,  to  the  retarding  influence  of  the  bodily 
motion  of  the  air  around  the  cannon,  it  was  pointed  at  right 
angles  to  its  first  position,  when  it  was  found  that  the  maximum 
velocity  came  nearer  to  the  cannon.  Had  the  cannon  been  turned 
in  the  direction  of  the  line  of  membranes  the  retardation  would 
probably  have  become  an  acceleration.  The  experiment  was, 
nowever,  of  course  impracticable.  That  this  apparent  retarda- 
tion was  not  due  to  the  difference  in  time  of  action  of  the  mem- 
branes, due  to  a  variation  of  the  force  of  the  wave,  is  evident 
both  from  the  very  slight  force  required  in  either  case  and  from 
the  fact  that  the  variation  noticed  is  in  the  wrong  direction. 

The  charge  of  oowder  was  considerably  varied  and  the 
heaviest  charges,  o^  course,  caused  the  greatest  deviation  from 
the  ordinary  velocity. 

The  successive  series  of  experiments,  owing  to  differences  in 
the  charge  and  in  the  loading,  gave  different  values  of  the 
velocity  at  any  one  place,  but  the  facts  above  stated  always 
remained  the  same. 

Accordingly  each  series  represents  the  condition  of  things 
better  than  the  mean  of  several,  and  I  have  here  given  a  table 
of  three  of  the  best  series. 

The  first  column  represents  the  distance  from  ihe  mouth  of 
the  cannon  ;  the  second  the  values  of  the  corresponding  veloci- 
ties in  the  rear  of  the  cannon,  when  the  charge  was  one  and  a 
half  pounds;  the  third  when  the  charge  was  reduced  to  half  a 
pound,  and  the  Lst  when  the  cannon  was  pointed  at  right 
angles  to  the  line  of  membranes. 

Velocities  reduced  to  0°  C. 


Rear  of 

cannon. 

Side  of  cannon. 

Interval 

li  lbs. 

ilb. 

10-30  feet. 

1076  feet. 

•  «  «  « 

.-  •  » - 

30-  50 

1187 

1032 

1067 

50-  70 

1240 

1091 

1162 

70-  90 

1267 

1120 

1201 

90-110 

1262 

1114 

1188 

The  conclusions  that  we  may  draw  from  these  experiments 
are  :  1.  That  the  velocity  of  sound  is  a  function  of  its  intensity. 
2.  That  experiments  upon  the  velocity  of  sound  in  which  a 
cannon  is  used  contain  an  error,  probably  due  to  the  bodily 
motion  of  the  air  near  the  cannon.  Evidently  a  musical  sound 
of  low  intensity  must  be  used  for  a  correct  determination  of  the 
velocity  of  sound. 
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Art.  XI IL — Has  Lake  Winnipeg  discharged  ihrouqh  the  Mlnnt- 
sola  within  the  last  two  hundred  years?  by  J.  E.  Todd. 

After  reading  General  Warn^n's  article  in  the  Deceml>er 
number  of  the  Journal,  I  casually  took  up  a  copy  of  Slans- 
bury's  Report  on  Salt  Lake.  On  page  152  I  found  a  curioos 
account  of  Baron  La  Hontan's  JExpedition  up  the  ''Long 
River''  in  1689.  The  Baron  states  tnat  he  passed  down  the 
Wisconsin  to  the  Mississippi,  which  he  ascended  Dine  days, 
when  he  "entered  the  mouth  of  the  Long  River,  which  looka 
like  a  lake  full  of  bulrushes,"  up  which  he  sailed  for  six 
weeks,  but  was  prevented  by  the  advance  of  the  season  from 
reaching  its  source.  He  learned  from  the  natives,  however, 
considerable  about  its  upper  course,  which  he  incorporated  in 
his  map. 

Captain  Stansbury  gives  a  map  drawn  in  1710  by  John 
Senex,  F.R.S.,  on  which  the  discoveries  of  La  Hontan  are 
given.  This  represents  the  '*  Long  River"  as  being  like  a  long 
lake  toward  its  source,  and  flowing  nearly  due  east  through 
25°  of  longitude.  Another  curious  point,  it  is  represented  as 
having  a  continuous  water  connection  through  the  '*Moinr 
gona''  River  with  the  Mississippi,  at  a  point  mr  south  of  its 
proper  mouth,  where  La  Hontan  entered  it 

La  Hontan  describes  it  as  '*all  along  verv  slack  and  easy, 
abating  about  three  leagues,''  and  tne  ckannel  unusually 
straight.  ** Its  banks,"  he  sjiys,  "have  a  dismal  prospect,  anS 
the  water  itself  has  an  ugly  taste;  but  then  its  usefulness 
atones  for  such  inconveniences,  for  'tis  navigable  with  the 
greatest  ease,  and  will  bear  barques  of  fifty  tons." 

That  the  *'  Long  River"  may  have  been  the  ancient  Minne- 
sota seems  indicated,  therefore,  by  their  corresponding  in  posi- 
tion of  their  mouths,  their  similarity  in  breadth  of  stream  and 
slowness  of  current  Moreover,  the  **  Moingona"  would  then 
correspond  to  the  Blue  Earth  and  Des  Moines,  whose  sources 
were  formerly  connected  by  "Union  Slough,"  as  shown  by  Dr. 
C.  A.  White,  in  his  report  on  the  Geology  of  Iowa. 

The  curious  eastward  direction  of  the  Long  River  may  pos- 
sibly be  explained  parti}-  by  the  strong  eastward  declination  of 
the  magnetic  needle  at  that  time,  and  partly  by  the  strong 
desire  of  the  Baron  to  find  a  way  across  the  continent  Pre- 
conceived notions  seem  to  have  influenced  him  in  several  other 
of  his  statements  and  conclusions,  but  perhaps  not  more  93 
than  was  customary  in  those  days. 

Tabor,  Iowa,  Dec.,  1878. 
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r.  XIV. — On  the  Results  of  the  Spectroscopic  Observation  of  the 
bkir  Eclipse  of  July  29M,  1878  ;*  by  George  F.  Barker. 

rofe89or  Henry  Draiper^  M.D.,  Director  of  (he  Draper  Eclipse  Expeditian: — 

>ear  Sir:  I  beg  leave  to  submit  to  you  herewith  my  Report 
the  spectroscopic  observations  made,  and  on  the  results 
lined  at  Rawlins,  Wyoming  Territory,  during  the  solar 
38e  of  July  29th,  1878,  that  portion  of  the  work  having 
1  allotted  to  me  by  yourself  in  the  organization  of  the 
edition. 

he  instruments  and  apparatus  used  in  the  observations 
B  loaned  for  the  purpose  from  the  physical  cabinet  of  the 
versity  of  Pennsylvania.  They  consisted  (1)  of  an  equa- 
ally  mounted  achromatic  telescope  of  four  inches  aperture 
le  by  Jones  of  London,  (2)  a  direct-vision  astronomical 
5tro8cope  by  Merz  of  Munich,  (3)  a  second  direct- vision 
jtroscope  by  Hoffmann  of  Paris,  (4)  and  a  pocket  spectro- 
)e  by  Geoi^e  Wale  &  Co.  Beside  this  spectroscopic  outfit, 
cond  four-inch  achromatic  telescope  by  Dollond  was  taken 

use  with  the  tasimeter  by  Dr.  Edison,  and  a  Savart,  a 
armont,  and  an  Arago  polariscope,  for  determining  the 
irization  of  the  corona.  The  Merz  spectroscope  above  men- 
led  is  described  in  the  Philosophical  Magazine,  IV,  xli,  Feb. 
1.  It  is  provided  with  two  compound  direct- vision  prisms, 
which  one  or  both  can  be  used  at  pleasure,  each  consisting 
ive  single  prisms,  two  of  flint  glass  with  a  refracting  angle 
84®,  and  three  of  crown  ;  one  of  these  having  a  refracting 
le  of  84°,  the  others  of  87°.  The  dispersive  power  of  each 
these  compound  prisms  is  about  equal  to  that  of  two  equi- 
!ral  prisms  of  flint  glass.  The  instrument  has  a  collimating 
.  an  observing  telescope,  each  furnished  with  an  object  glass 
>-thirds  of  an  inch  in  aperture  and  four  inches  in  focal  length. 
e  prism-tube  is  attached  to  the  collimator  by  two  centers, 
ing  it  a  lateral  motion  about  a  line  passing  through  these 
ters,  which  constitutes  an  axis  parallel  to  the  slit.  The 
erving  telescope  is  similai'ly  attached  to  the  tube  carrying 

prism.  These  motions  serve  to  alter  the  incidence  oi  the 
s  upon  the  surface  of  the  prism,  and  also  to  bring  any 
cial  part  of  the  spectrum  into  the  middle  of  the  field.  The 
erving  telescope  is  provided  with  a  positive  eye-piece  of  an 
livalent  focal  length  of  one  inch,  and  also  with  a  needle 
irometer,  having  an  eye-piece  of  one-half  inch  focus.  The 
duations  upon  this  micrometer  are  strongly  cut,  enabling  the 
itions  and  the  distances  of  the  lines  measured  with  it,  to  be 

Read  by  permifision  of  Dr.  Draper  at  the  St.  Louis  meeting  of  the  American 
xnation  for  the  Advancement  of  Science. 
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easily  read  even  in  a  faint  light  The  spectroscope  was  firmly 
attached  to  the  draw  tube  of  the  equatorial  telescope  by 
means  of  an  open  frame  made  by  Zentmayer,  so  that  the  posi- 
tion of  the  image  with  reference  to  the  slit  could  be  readily 
observed. 

The  time  from  the  19th  of  July,  the  date  of  our  arrival  at 
Bawlins,  nntil  the  29th,  was  occupied  in  setting  up  the  instra- 
ments,  in  getting  them  into  adjustment,  and  in  practice  with 
them.  It  was  found  that  with  only  one  of  the  compound 
prisms  of  the  Merz  spectroscope,  the  slit  being  placed  radially, 
It  was  easv  to  observe  the  lines  C  and  F  reversed  in  thechromo- 
sphere,  and  also  the  bright  line  D,.  On  the  morning  of  the 
day  of  the  eclipse,  the  solar  edge  was  examined  for  protuber- 
ances, in  order  to  locate  them  in  advance  of  totality.  Bat  a 
single  one  was  noticed,  this  l>eing  on  the  southwestern  edge  of 
the  sun.  As  the  time  of  first  contact  approached,  the  spectro- 
scope was  removed  and  a  paper  screen  was  attached  to  die 
draw  tube,  an  image  of  the  sun  being  formed  on  this  screen  by 
means  of  the  eye-piece  ;  thus  enabling  the  time  of  this  contact 
to  be  approximately  determined  and  the  subsequent  progress  of 
the  eclipse  to  be  conveniently  observed.  No  spots  were  seen 
under  these  circumstances,  though  this  could  hardly  have  been 
expected  since  the  solar  image  was  so  small,  scarcely  three 
inches  in  diameter,  unless  the  spots  were  oflarge  size.  As  the 
time  of  second  contact  drew  near,  the  spectroscope  was  replaced 
upon  the  equatorial.  Since  you  deemed  it  of  importance  to 
pay  speciiil  attention  to  the  oxygen  lines  in  the  vicinity  of 
G,  the  micrometer  of  this  instrument  was,  at  your  suggestion, 
so  adjusted  that  one  of  its  needle  points  rested  on  the  hydro- 
gen line  near  G,  and  the  other  on  the  line  known  as  h.  Mux 
the  last  ray  of  sunlight  had  disappeared,  I  took  a  few  seconds 
of  the  precious  time  to  observe  the  eclipse  with  the  naked  eye. 
The  moon  appeared  intensely  black,  surrounded  by  a  pinkish 
halo,  extending  to  about  two-fifths  of  a  lunar  diameter  from 
the  limb,  and  occupying  the  entire  circumference.  At  two 
points  this  halo  was  expanded  into  radial  streamers,  one  of 
which  had  parallel  sides  with  a  deeply  indented  or  swallow- 
tailed  end,  extending  westward  of  the  sun  and  apparently 
lying  in  the  ecliptic ;  the  other  appeared  single,  was  on  the 
eastern  edge,  and  was  inclined  twenty  degrees  or  more  to  the 
north  of  the  ecliptic.  The  former  of  these  streamers  was  traced 
to  a  distance  oi  about  a  lunar  diameter  from  the  edge,  the 
latter  to  a  somewhat  less  distance.  No  structure  could  be  seen 
in  the  halo,  but  in  the  streamers  traces  of  parallel  rays  appeared 
to  be  present.  The  amount  of  light  emitted  by  the  corona 
was  a  surprise  to  me.  Preparations  had  been  made  for  using 
artificial  light  for  reading  the  circles,  but  this  was  found  not 
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be  at  all  necessary.  The  amount  of  light  seemed  to  be 
arly  or  quite  equal  to  that  given  by  the  moon  when  ten  days 
i.  "No  protuberances  were  seen  with  the  naked  eye  nor 
sre  any  streamers  observed,  other  than  those  already 
sscribed.  A  glance  at  the  eclipsed  sun  was  then  taken 
rough  the  finder  of  the  equatorial.  Tlie  magnifying 
>wer  being  low,  the  corona  presented  much  the  same 
>pearance  as  to  the  naked  eye.  But  the  streamers  showed 
uch  more  distinct  evidences  of  a  radiated  structure  and  a 
lie  rosy  protuberance  was  observed  on  the  southwestern  edge 
:  the  dark  disc.  This  was  undoubtedly  the  same  prominence 
hich  was  observed  previous  to  totality. 

Turning  my  attention  now  to  the  spectroscope,  upon  the  slit 
:  which  the  coronal  image  had  alreaay  been  brought  by  means 
r  the  finder,  the  slit  being  placed  radially,  the  first  glance 
trough  the  instrument  showed  me  a  bright  but  an  absolutely 
>ntinaous  spectrum.  The  region  under  examination  was  of 
i>arse  that  portion  of  the  spectrum  which  had  been  placed 
efore  totality  between  the  needle  points  of  the  micrometer, 
'otally  unprepared  for  so  unexpected  a  result,  I  moved  the 
bserving  telescope  so  as  to  bring  the  green  portion  of  the  spec- 
rum  into  the  field,  expecting  certainly  to  see  1474  K  and  by 
he  appearance  of  this  line  to  determine  whether  my  instrument 
ras  out  of  adjustment;  and  if  it  was  to  adjust  it  again.  But  no 
aright  line  was  there  ;  the  green  region  appeared  as  continuous 
a  the  blue.  I  then  gradually  closed  the  slit — which  had  been 
previously  adjusted  on  the  solar  spectrum  so  that  the  line  D 
ippeared  nebulous  on  its  edges — thinking  that  I  might  in  this 
vay  improve  the  definition  ;  but  with  no  better  result ;  no 
mght  lines  could  be  seen.  To  my  great  surprise  however, 
when  the  slit  was  thus  narrowed,  the  region  which  was  then 
inder  examination,  that  extending  from  b  to  G,  appeared  filled 
)?ith  dark  lines  on  the  brighter  background,  these  dark  lines 
i>eing  readily  recognized  from  their  general  appearance  as  the 
jolar  lines  of  Fraunhofer.  Still  intent  on  getting  bright  lines, 
[  opened  the  slit  again  gradually,  moved  the  observing  tele- 
scope over  the  entire  length  of  the  spectrum  from  red  to  violet, 
repeating  the  operation  three  times  and  varying  the  width  of 
the  slit  from  time  to  time  in  each  region  ;  but  not  a  single 
bright  line  could  be  detected.  I  then  requested  you  to  come 
IDQ  take  a  glance  through  my  spectroscope,  as  had  been  pre- 
nously  agreed ;  saying  that  although  I  could  see  dark  lines 
md  a  continuous  spectrum,  I  was  unable  to  detect  a  single 
)right  line  and  knew  not  what  to  make  of  it.  You  were  then 
ooking  at  the  eclipse  through  your  ingenious  little  telespectro- 
cope  of  two  inches  aperture.  You  came  to  my  instrument, 
ooked  at  the  spectrum,  moved  the  observing  telescope  over  its 
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wbole  length  and  remarked  that  the  resalts  in  mj  spectroscope 
agreed  entirely  with  those  in  yours,  and  that  the  spectrum 
af)peared  in  both  absolutely  continuous.     My  mind  being  thoB 
relieved,  I  took  my  place  again  at  the  spectroscope,  and  this 
time,  phicing  the  slit  tangential  to  the  moon's  limb,  I  moved 
the  observing  telescope  from  end  to  end  of  the  spectrum,  open- 
ing and  closing  the  slit  at  intervals ;  but  the  spectrum  appeared 
as  continuous  as  before.     Again  the  image  was  adjusted  so  that 
the  slit  was  once  more  radial ;  and  this  time  on  still  a  differeut 
portion  of  the  corona.     On  examining  again  the  spectrum,  no 
oright  lines  appeared,  except  once  for  an  instant,  when  the  slit 
passed    over    the   small    chromaspheric    prominence   already 
noticed.     Warned  by  Mrs.  Drapers  clear  and  distinct  counting 
thai  the  precious  165  seconds  had  two-thirds  gone,  I  decided  to 
devote  the  time  still  remaining  to  a  more  careful  observatioD 
of  the  dark  Fraunhofer  lines.     Now,  for  the  first  time,  as  I 
adjusted  the  width  of  the  slit  and  its  position  on  the  corona 
with  more  care,  I  observed  that  these  lines  did  not  pass  clear 
across  the  field,  but  were  of  a  length  corresponding  to  the  width 
of  the  coronal  image  on  the  slit.     At  the  base  of  the  spectrum, 
which  corresponded  to  the  base  of  the  corona,  they  a|>peared 
bright  and  sharp ;  certainly  quite  as  much  so  as  in  the  light  of 
the  moon  similarly  condensed ;  though  the  continuous  spectrum 
which  formed  their  background  was  relatively  brighter  than  in 
moonlight      There  was  no  difficulty  in  identifying  them  as 
Fraunhofer  lines  from  their  general  appearance  and  position; 
but  some  of  them  could  be  identified  beyond  question.    Sach 
were  b  and  F,  which  were  especiallv  distinct,  and  D,  E  andG 
which   were  considerably  less  so.     ^hey  faded  gradually  out 
from  the  base  of  the  spectrum  upward,  appearing  to  end  where 
the  continuous  spectrum   of   the   corona  was   limited  above. 
While  thus  emi)l()yed,  a  flash  of  sunlight  told  us  that  totality 
had  ended  and  that  the  solar  eclipse  of  1^57S  was  over. 

In  discussing  the  results  of  the  spectroscopic  observations 
which  have  now  been  detailed,  I  am,  in  the  first  place,  quite  at 
a  loss  to  account  for  the  fact  that  no  bright  lines  were  seen  by 
me,  notwitiistanding  the  pereistent  efiorta  made  to  get  them. 
The  failure  to  observe  them  can  be  accounted  for,  as  it  would  ^ 
seem,  only  on  the  ground  that  with  the  dispersive  power  ; 
employed,  the  bright  lines  were  too  faint  to  be  seen  on  the 
much  brighter  background  of  the  continuous  spectrum. 

The  lessons  to  be  drawn  from  these  spectroscopic  observations 
appear  to  be  few  and  simple.  The  absence  of  bright  lines,  or 
at  least  of  any  which  were  at  all  brilliant,  proves  clearly  the 
absence  in  the  solar  coronal  region  of  any  considerable  mass  of 
incandescent  gas  or  vapor,  which  shining  by  its  own  light 
would  of  course  give  a  bright-line  spectrum.     The  presence  of 
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Fraunhofer  lines  in  the  coronal  spectrum  shows  conclusively 
the  presence  of  reflected  sunlight  in  the  light  of  the  corona  and 
goes  to  establish  the  theory,  long  ago  suggested,  that  masses  of 
meteoric  matter  raining  down  upon  the  solar  surface  from  all 
directions  reflected  to  us  the  light  of  the  sun,  and  were,  there- 
fore, the  essential  cause  of  the  coronal  phenomena.  And,  finally, 
the  fact  of  the  increased  brightness  of  the  continuous  spectrunpi, 
as  compared  with  the  intensity  of  the  dark  lines  of  Fraunhofer, 
goes  to  strengthen  the  probability  that  there  is  still  other  light 
ID  the  corona  which  comes  to  us  from  the  incandescent  liquid 
or  solid  matter  of  these  intensely  heated  meteoric  masses. 
These  conclusions,  deduced  very  simply  from  my  own  spectro- 
scopic results,  agree  completely,  I  am  happy  to  find,  with 
those  drawn  from  your  most  excellent  photographs,  as  well  as 
from  the  ingenious  heat-measurements  of  Dr.  Edison  and  the 
polariseopic  determinations  of  Dr.  Morton. 

In  concluding  this  Eeport,  you  will  permit  me  I  am  sure,  to 
express  the  great  gratification  which  the  Draper  Eclipse  Ex- 
pedition has  continually  aflForded  me.  The^  delight  at  being 
able  to  witness  a  total  eclipse  of  the  sun,  has  been  intensified 
by  the  complete  success  of  all  the  attempts  made  to  observe  it, 
and  by  the  most  agreeable  companionship  during  the  trip.  My 
obli^tion  to  you  for  the  opportunity  is  as  profound  as  my 
thanks  to  you  for  it  are  sincere  and  cordial. 

Truly  yours,  George  F.  Barker. 

Philadelphia,  August  10th,  1878. 


Art.  XV. —  On  a  mode  of  measuring  the  Velocity  of  Sound  in 
Wood;  by  Magnus  C.  Ihlseng,  Ph.D. 

[Read  before  the  National  Academy  of  Science,  October,  1877.] 

The  subject  of  this  paper  was  suggested  to  me  by  Professor 
Rood,  and  the  work  carried  out  under  his  direction  in  the 
physical  laboratory  of  Columbia  College. 

Since  the  study  by  Chladni  of  longitudinal  vibration  in  rods, 
many  researches  upon  this  point  have  rendered  them  of  great 
importance  for  the  determination  of  the  velocity  of  sound  and 
the  elasticity  of  solid  bodies.  The  methods  of  measuring  the 
velocity  of  sound  in  solids,  which  depended  upon  the  perception 
by  the  ear  of  the  unison  of  two  notes  were  difficult  in  practice 
and  gave  imperfect  results.  Du  Hamel*  proposed  to  cause  a 
pen  attached  to  the  rod  to  describe  a  wave  line  on  a  revolving 
glass  plate,  and  thus  to  register  vibrations;  he  did  not  carry 
the  project  into  effect     Wertheimf  in  his  excellent  work  em- 

♦  Journal  de  Ecole  Polytechnic  Cohier,  xiiii,  19. 
f  Pogg.  Annalen,  Erganz.,  ii,  1. 

Am.  Joub.  Scl— Third  Series,  Vol.  XVII,  No.  98.~Fkb.,  1879. 

9 


126 


[  CL  Ihlaeng — VdoeiLy  of  Sound  in  Wood. 


ployed  a  method  of  this  kind,  and  connected  with  the  rod  a 
chronos^raphic  apparatu&  He  determined  the  transverse  vibra- 
tions of  the  rod  oy  simultaneouslv  rejristerinK  those  of  a  tuning 
fork,  and  then  superimposed  the  longitudinal  vibrations  of  the 
rod  n|>on  its  transverse,  and  ascertained  from  the  corrugated 
wave  line  thus  produced,  the  relation  between  the  longitudinal 
and  transverse  vibrationa 

Kundty*  however,  in  1866  contrived  a  method  which  is  so 
well  known  as  to  need  only  a  few  words  of  description.    A 
sounding  rod  is  compelled  to  set  into  vibration  a  column  of  air 
enclosed  in  a  ^lass  tube,  and  in  accordance  with  the  laws  of  the 
organ  pi|)es,  the  ratio  of  the  lenfph  of  the  wave  in  the  soundii^ 
rod  to  that  of  the  wave  of  air  m  the  glass  tube,  is  obtained 
Having  corrected  this  for  the  temperature  and  the  hygrometric 
state  of  the  atmosphere  it  is  possible  to  obtain  a  value  for  the 
velocity  of  propagation.    During  the  past  year,  Kayserf  em* 
ployeil*  Kundt's  method  for  studying  the  ratio  of  the  specific 
neat  under  a  constant  volume  to  the  specific  heat  under  a  con- 
stant pressura 


All  of  the  above  experiments  were  made  upon  metals.  With 
the  exception  of  MM.  Wertheim  and  Chevandier's  extended 
researches:^  upon  the  woods  of  the  Vosga  forests,  I  know  of  but 
very  few  determinations  of  the  velocity  of  sound  in  wood 
Having  intended  to  measure  the  velocity  of  sound  in  some 
American  wo(k1s,  Kundt's  method  was  first  employed;  the 
apparatus  was  similar  to  his  but  somewhat  modified  to  suit  the 

2. 


4 


special  circumstances.  Fi?.  1  shows  the  arrangement  in  per- 
spective; B  is  the  vise  holdinc?  the  rod,  AC,  clamj>ed  by  a  screw, 
O,  acting  on  a  plate  of  brass  which  nres^es  the  rod  firmly  upoa 
its  rest;  the  vise  is  screwed  upon  tn«  table,  which  is  fastened 
to  the  floor  and  braced  to  avoid  shaking.  The  rod  is  rubbed 
by  a  resined  woolen  cloth  along  A,  and  being  set  into  vibration, 


♦  Pogg.  Ann.,  cxzvii,  3r^7. 
X  CompteB  Rendua,  zxiii,  663. 


t  Ibid.,  1877,  N.  10,  p.  218. 
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eommunicates  it  to  the  air  in  the  fj^lass  tube,  I,  the  dust  figures 
fhen  are  formed  at  the  nodes  A,  B,  B',  B'^  etc.  The  distances 
AB  and  B'  B"  are  the  semi- wave  lengths  of  air  corresponding 
to  the  note  given  by  the  rod.  Although  the  length  An''  does 
not  materially  affect  the  length  of  the  waves,  it  has  been  found 
best  to  make  it  equal  to  a  multiple  of  the  semi-wave  lengths  as 
then  the  figures  are  most  definite.     The  glass  tube   was  l"* 

Table  L 


KacM  of  wood. 

No.  rod. 

Length. 

Section. 

8p.Or. 

Cedar, 

1 
2 

1836-Onun 
1838-4 

14-25  X  21-45mm 
14-16x21-45 

-432 

^tfwa^a  1    .......... 

U 

-482 

c< 

3 

4 

24 

6 

1838-75 
1836-72 
1650-0 
1876-92 

]5'6    X  20-45 
14-3    X21-6 
14*3    x21*l 
12-4   X  26-35 

-465 

«l 

-417 

u 

-478 

White  wood. 

• 

u 

6 

18.')8-57 

11-77x26-42 

•476 

u 

7 

1834-0 

12-35  X  26-85 

-443 

M 

8 

1 162-25 

12-38  X  1317 

U 

9 

1162-65 

130    xl3l4 

U 

»  •  *  * 

10 

1142-37 

12-28x13-00 

-478 

u 

4»  *  *  « 

11 

1164-94 

12*79x13-23 

U 

12 

1184-73 

12*94x13-16 

While   pine, 

13 

1842-6 

17*86x21-27 

-491 

u        u 

15 

1841-9 

17*45x23-05 

•432 

Yellow     "     .... 

23 

1052-45 

12-17  X  24*11 

-664 

Hickory, 

14 

1550-5 

24*27  X  12*95 

922 

White  ash, 

16 

1836-6 

9*50x19*65 

-544 

It 

17 

1838-26 

9-66  X  19-70 

-541 

<4 

18 

1809-7 

14*98  X  17-6 

-593 

White  hollj, 

19 

1378-5 

10-30x10-91 

•562 

Mehoganj, 

20 

1349-1 

11*64x11*52 

•540 

Black  Walnut,... 

21 

1378*63 

10*82  X    9-73 

518 

CherTy, 

22 

1560-1 

10*92x11-49 

•693 

Bed  oak, 

25 

1494-7 

12*35x18*28 

650 

White  oak, 

26 

1494*5 

12*68x17*98 

•775 

Veiocitiea  obtained  by  Kundf^s  method. 

Table  XL 


Bode. 

Nnmber  of 
obeerratioDe. 

Temperetnre. 

Velocity. 

Probable  error. 

No.    1 

25 

15'**6  0. 

3906-3     M. 

2*4     M. 

**      2 

40 

20*7 

4027-6 

8*08 

•»      3 

25 

161 

3966-4 

4*62 

"     4 

25 

16-8 

4071*68 

9*90 

"      5 

25 

13-5 

5164*6 

2*58 

"      6 

30 

15-6 

5129*9 

12*29 

«      7 

35 

16-3 

5249*3 

2*6 

**      8 

30 

14-0 

4912*31 

4-3 

"     9 

35 

14-4 

4739*63 

4-3 

**    10 

30 

14*6 

4712*53 

2-4 

"    11 

25 

14*5 

5309*4 

7*9 

**    13 

25 

14*3 

4845*17 

3*4 

•'    13 

35 

16*4 

4783*15 

2-5 

"    14 

25 

16*4 

4110*07 

2*1 

128  M.  C.  IhUeng—VehcUy  of  Sound  in  Wood. 

long  and  19"™  internal  diameter;  the  cork  H,  inclusive  of 
the  two  pins  which  held  it  to  the  rod,  weighed  1*08  grama 
With  this  apparatus  the  velocity  of  sound  in  the  followiog 
woods  was  measured ;  cedar,  white  wood,  yellow  and  white 
pine,  hickory,  white  ash,  holly,  mahogany,  black  walnut,  cherry 
and  white  oak. 

The  probable  error  is  so  small  that  it  would  seem  to  indicate 
either  that  the  procedure  is  a  very  accurate  one  or  that  the 
error  is  constant  and  in  the  same  direction. 

But  during  the  progress  of  these  experiments,  another  method 
was  devised  whereby  the  rod  registered  its  own  yibrationsL  A 
blackened  glass  plate  was  drawn  rapidly  by  in  a  horizontal 
direction  by  a  falling  weight,  and  matters  were  so  arranged  that 
a  pen  attached  to  the  rod  of  wood  wrote  its  vibration  upon  the 
plate,  which  simultaneously  registered  those  of  a  tuning  fork. 
The  apparatus  was  capable  of  being  leveled  accurately,  and  it 
had  connected  with  it  an  arrangement  that  enabled  the  ob- 
server to  set  it  into  action  at  any  desired  instant.  The  final 
result,  of  course,  is  that  two  parallel  sets  of  curves  are  traced 
on  the  smoked  glass.  For  the  purpose  of  making  the  measare- 
ments  it  was  necessary  to  compare  the  corresponding  portions 
of  the  two  curves,  and.  two  lines  were  drawn  at  right  angles  to 
them  so  as  to  include  corresponding  portions.  This  was  effected 
by  a  little  piece  of  apparatus  especially  contrived  for  the  po^ 
pose.  The  number  of  waves  registered  were  then  counted  with 
the  aid  of  a  compound  microscope,  which  with  its  micrometer 
eyepiece  was  also  used  to  measure  the  fractional  parts  of  the 
waves.  It  was  found  possible  with  this  arrangement  to  esti- 
mate, without  any  difficulty,  the  fiftieth  part  of  a  wave  length. 
The  following  columns  give  ten  readings  of  a  single  wavelength, 
showing  their  agreement ;  the  wave  traced  on  the  smoked  glass, 
in  this  case,  had  an  average  length  of  8  56*»". 

3-57  3-68 

3-60  3-56 

3-58  3-42 

3-70  3-30 

3-52  

3-75  3-56 

For  determining  the  rate  of  the  fork,  the  average  of  six 

determinations  of  5*033  seconds  each,  by  a  chronograph,  was 

.  ,,  7701-70     o^.  ... 

taken  as  follows:  a'Cn^^o'^^^'^'^^' 

The  difference  between  this  quantity  and  the  number  of 
vibrations  stamped  on  the  fork  by  Kcenig  (256)  was  due  to  the 
fact  that  the  fork  was  loaded  by  the  wax  and  pointer. 
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Table  III. 


Kondt't  Mefhod. 

Graphic  Metbod. 

DUterence. 

Bods. 

Velocity  V. 

ProlMble  Bnror. 

Velocity  v. 

Probable  Error. 

1 

3849-28 IL 

2-6    IL 

3786-3  X. 

51    X. 

640    X 

3 

4061-66 

2-79 

4024.3 

6-62 

37-26 

3 

3934-49 

4-36 

3870.5 

6-51 

64-0 

6 

4985-06 

10-30 

4896.7 

9-56 

88-36 

1 

6278-59 

9-69 

6226.3 

3-37 

63-29 

13 

4753-02 

2-88 

4715.3 

6-45 

37-72 

S3 

4326-36 

2-14 

4265.6 

7-88 

60-76 

24 

3960-90 

3-66 

3871.2                     6-64 

79-7 

The  first  determinations  were  on  the  comparison  between 
the  graphic  and  Kundt's  method.  To  this  end  an  experiment 
iras  made  by  combining  both  methods,  thus :  while  the  rod 
ma»  urging  the  air  Qolumn  into  synchronous  action  by  means 
irf  the  cone  (Kundt's  method),  it  simultaneously  registered, 
pith  its  pen,  the  rate  of  its  vibration.  The  results  obtained  by 
this  doaole  method  should,  of  course,  agree,  as  both  the  motions 
originate  from  the  same  source.  They  were  found,  however,  to 
diTOr  as  shown  in  the  annexed  table. 

These  values  are  averages  of  fifteen  observations.  A  glance 
at  this  table  shows  that  the  air  method  gives  results  which  are 
invariably  higher  than  the  graphic  method,  the  difference 
between  the  numbers  being  much  larger  than  the  sum  of  the 
errors  in  the  two  cases.  This  may  be  due  to  the  fact  of  Kundt 
using  too  large  a  coefficient  for  the  correction  for  moisture  and 
temperature  The  experiments  having  been  conducted  during 
the  winter,  the  amount  of  moisture  in  the  laboratory  was  a 
minimum.  Thus,  calculating  the  velocities  on  the  supposition 
that  the  air  was  perfectly  dry  we  obtain  the  following  results 
which  are  still  too  high. 


Dds. 

Calculated  Velocity. 

DifE.  from  Graphic  Method 

1 

3838-04  M. 

+   53-74  M. 

2 

403842 

f-  14-12 

3 

3922-53 

f-   62-03 

6 

4966-34 

+   69-64 

7 

5263-93 

f-  38-63 

13 

4728-40 

h   13-10 

23 

4311-05 

I-  45-45 

24 

3939-01 

H 

h    67-81 

These  comparisons  show,  it  would  seem,  that  the  tendency 
of  Kundt^s  methods,  at  least  as  used  by  me,  was  to  give 
results  which  were  somewhat  higher  than  they  should  have 
been. 

To  the  above  it  may  be  added  that  in  these  experiments  on 
Kundt's  method,  the  stopper  J,  figure  1,  was  placed  at  a  node, 
thus  making  an  air  column  in  the  tube  which  was  in  unison 
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with  the  rod;  the  resistance  to  the  rod's  vibration  was  the& 
small.  But  if  we  remove  the  stopper  from  the  node  and  place 
it  in  the  middle  of  a  ventral  s^ment,  the  resistance  to  vittra- 
tion  becomes  a  maximum,  the  rate  of  the  rod  is  diminiithed 
and  we  have  a  lower  number  of  vibrations  actually  executed 
and  registered  bv  the  rrxL  Bod  No.  28  was  subjected  to  this 
test,  its  length  being  106i'15"".  While  the  rod  was  urpng 
the  air  column  into  vibration,  the  stopper  being  at  a  node,  tbe 
rate  of  vibration  registered  by  the  rod  itself  was  2029  per 
second.  Removing  the  stopper  to  a  ventral  segment  dimin- 
ished the  rate  to  2009*2  vibrations.  In  the  latter  determina- 
tion no  satisfactory  dust  figures  could  be  obtain<fd. 

Having  thus  compared  these  two  methods,  we  now  proceed 
to  give  Uie  results  obtained  by  the  graphic  method  upon  the 
several  rods.  The  rods  were  clamped  in  \he  center  and  with- 
out any  load  except  the  inappreciaole  weight  of  tbe  pen. 

Tabu  IY. 
Velocity  of  sound  in  American  woods :  fnetuwnd  hy  ike  Cfropkic  Mdkoi, 


Mamei  of  Wood. 

LoDffth. 

8».0r. 

T«09. 

▼oloolly. 

ProtaMi 

Cedar,             No.  1. 

1836-     ■»» 

0-432 

21-6  C. 

3797-2  X. 

3-96  K 

II 

2, 

1838*4 

-482 

20-9 

4073-89 

9-99 

II 

3, 

1838-76 

-466 

28-4 

3864-79 

d'OO 

II 

4, 

1836*72 

•417 

... 

4161-66 

6*62 

II 

24, 

1660- 

•478 

18*8 

3915-47 

6*89 

White  Wood, 

6, 

1838*67 

•476 

22-4 

4927-30 

7*43 

II                   •! 

7. 

1834-0 

443 

19*8 

6201-22 

8-73 

li                   K 

10, 

1142-37 

•478 

18-0 

4660-60 

3-90 

"      Pine, 

13, 

1842*6 

*490 

20-0 

4713-36 

6*63 

II        II 

16, 

1841*9 

•432 

20-0 

4622-46 

7-61 

•*      Ash, 

16, 

1836*6 

•544 

270 

4282-45 

6*62 

tl               K 

n, 

1838*26 

*641 

27*3 

426161 

6-88 

»      Holly, 

19. 

1378*5 

562 

21*2 

3667*41 

4-96 

Mahofl^ny, 

20, 

13491 

•540 

200 

4136-26 

5*39 

Black  Walnut, 

21, 

1378*63 

•618 

19*1 

47811*72 

6*60 

Cherry, 

22, 

15601 

•693 

18*0 

4409*54 

6*49 

Yellow  Pine, 

23, 

1052*46 

•664 

20*2 

4274-48 

6*60 

Red  Oak, 

26, 

1494-7 

•660 

260 

4179-80 

5*34 

White  Oak, 

26, 

1494*6 

•776 

260 

4316*50 

4*87 

There  were,  however,  certain  difficulties  to  contend  with 
which  will  now  be  briefly  mentioned.  I  had  not  long  been 
viigugcd  u|x>n  this  work,  when  T  discovered  a  tendency  to  ve^ 
liv'iil  transverse  vibration  in  some  of  the  rods,  thus  carrying  tbe 
umitt^r  off*  the  plate.  To  meet  this  difficulty  a  kind  of  holder 
wud  contrived  and  covered  with  felt  which,  while  only  touch- 
(u>*  \\w  nnl  lightly,  held  it  in  position.  This  damper  wis 
iiU^vd  in  various  positions  along  tlie  md,  and  the  corres|K)nd- 
utw;  vM\^  of  vibration  measured.  These  values  were  tabulated 
iui  \,\\\>  mivoral  positions  sliown  in  fig.  2,  which  were  as  follows: 
K,  .4»  uv^i  Iho  end  as  possible;  D,  400"»«»  from  E;  C,  700« 
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rom  E ;  B,  as  near  the  center  as  the  clamp  would  allow.  The 
ssolting  values  given  in  the  following  table  are  averages  of 
fteen  observations. 


Table  V. 

Showing  the  ^fed  of  ihi 

\  Ikvmper, 

fiodk 

Damper  at  end. 

AtD. 

Ate. 

AtB. 

No.    ], 

3798-9 IC. 

3777-1  IC. 

3787*9  IL 

3786*4  IC. 

**     «• 

4063*7 

4078*6 

4062*7 

4<>67-9 

"     8, 

3883-1 

3872*0 

3869*1 

3866*0 

"     «. 

4876*8 

4895*7 

4840*7 

4866*7 

"     », 

6226*9 

62060 

6208-2 

6213*7 

"  la, 

4611*4 

4517-6 

46601 

*•  le, 

4272*4 

4244-4 

4266-6 

4269*3 

*•   17. 

42691 

4248*0 

42660 

4266-7 

The  results  given  in  tables  2,  8  and  4  were  obtained  without 
he  use  of  the  damper. 

It  may  be  worth  while  to  mention  that  some  of  the  rods 
rhile  vibrating  longitudinally  were  capable  of  generating  two 
lOteSf  differing  from  each  other  by  about  a  terz.  These  seemed 
D  depend  either  upon  some  inherent  condition  of  the  wood  or 
lerhaps  upon  the  relation  between  the  two  thicknesses  and  the 
sogtb  of  the  rc»d.  A  little  practice  is  requisite  for  bringing 
\xkX  the  lower  note  with  sufficient  power  to  cause  it  to  be  recog- 
lized  and  registered ;  it  also  required  the  exertion  of  a  greater 
orce  fur  its  production  and  always  prect'ded  the  high  note.  I 
1:K>  found  that  the  damper  afl'ected  the  high  and  low  notes 
lorrespondingly.  The  velocities  corresponding  to  the  high 
lote  have  already  been  given  in  tables  8,  4  and  5,  while  in 
able  VI  are  the  velocities  deduced  from  the  employment  of 
.he  low  note  with  rods  2  and  8  the  damper  being  used. 

Table  VI. 


Bode. 

Damper  at  E. 

AtD. 

Ate. 

AtB. 

No  2, 
No.  3, 

3637 -6  IL 
3643*87 

3663*2  M. 
3696*42 

366H-6 IC. 
367712 

3704*7  IL 
3679*6 

Subsequent  investigation  led  me  to  the  supposition  of  the 
X)cSxistence  of  transverse  and  longitudinal  vibrations;  the 
ligber  note  being  the  normal  note  produced  by  longitudinal 
ribrations,  the  lower  note  being  due  to  transverae  motion. 

In  onler  to  test  this  matter,  the  glass  plate  was  caused  by 
be  falling  weiglit  to  move  in  the  direction  of  the  length  of  the 
od,  and  it  was  found  in*  point  of  fact,  possible  in  this  manner 

0  register  its  transverse  vibration.     The  number  of  transverse 
ibraiions  obtained  for  the  high  note  were  very  nearly  equal 

1  the  number  of  the  longitudinal  vibrations.     The  same  rela- 
ion  existed  between  the  transverse  and  longitudinal  vibrations 
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pro  hieing  the  low  note.     This  is  evident  from  the  table  given 
oelow: 

Table  VII. 
Xumber  of  longitudinal  and  trangvene  vibraUona  corrtapondmg  to  (he  high  woU, 


Rods 


No.  2, 
"  13, 
*■  19, 
"  20, 
"  21, 
"    22, 


Namber  of  tonfrltBdlnal 
Tlbniiona  in  a  Mcond  »  N. 

1107-97 
1227-21 
1326-59 
1532-60 
1733-89 
U13-26 


N 


_jber  of  tmuTerw  Tfbra- 
tfOOB  iB  A  Moond"-  N*. 


1068-39 
1246-06 
1333-75 

1717-43 
1391-80 


IMffercBO^* 


38-68 

18-84 

7-16 

lV-46 
11-46 


Tablb  YUL 
Kumber  of  longitudinal  and  trannerae  vibrationt  correapondimg  io  tike  low  mk. 


Kod. 


No.  2, 
"  13, 
"  19, 
20, 
"  21, 
"     22, 


(. 


Longltodln*!  — 1». 


1009*29 
998-58 
11G7-62 
1*204-31 
1332-04 
1115-66 


TmiiTerfe— »'. 


978-58 

976-14 

1162*64 

1211-71 
1119-24 


IMflisrcBoe. 


30^71 

22*44 

5-08 

120-33 
3-58 


The  only  diflFerence  in  the  appearance  of  the  longitudinal 
and  transverse  tracings  of  either  of  the  notes  was  in  their 
amplitudes.  The  high  note  possessed  a  larger  amplitude  in 
longitudinal  vibrati'm,  the  low  note  in  transverse.  If  now  we 
compare  Tables  VII  and  VIII,  we  find  no  harmonic  interval 
embraced  in  the  ratios  between  N  and  n,  or  N' and  «',  asis 
shown  below ;  they  however,  in  some  cases  approximate  to  a 
tcrz.     Terz  =  4:3. 

Table  IX. 


Kod. 

Ratio  ". 

N 

BatJo  !!^. 

N' 

No.     2, 

1  :  0-9109 

1:0-9161 

secund  =  '888. 

"     13, 

0-8137 

0-7834 

terz  =  -8. 

"    19, 

0-8802 

0-8701 

secund  =  -888. 

"    20, 

0-7858 

"    21, 

0-7682 

0-7055 

quart  =  -76. 

"    22, 

0-7894 

0-8041 

ten -8. 

From  the  above  experiments,  we  conclude;  (1)  That  it  is 
|X)Hsihlc  to  measure  the  velocity  of  sound  in  rods  with  consid- 
«mii>lo  accuracy  by  the  grapliic  method  ;  (2.)  Kundt's  method 
gives  results  which  arc  slightly  higher  than  those  by  the 
graphic  nicthod ;  (3.)  The  gniphic  method  demonstrates  the 
t^xistenc*^  of  transverse  along  with  longitudinal  vibration  and 


long 
gives  their  ratios. 
(^dluiiibU  (\>llu|ee.  Oct  25th,  1877. 
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Art.  XVI. —  Tlie  Relation  of  Secular  Rock-disintegration  to  Loess^ 
Olacial  Drift  and  Rock  Basins  ;*  by  Raphael  Pumpelly. 

The  recent  volume  of  Baron  Richthofen^s  great  work  on 
China  and  Central  Asia,  is,  to  a  considerable  extent,  occupied 
with  a  description  of  the  great  loess  formation  and  of  the  pro- 
cesses to  whicn  it  owes  its  origin. 

This  remarkable  formation  covers  several  hundred  thousand  '■. 
square  miles  in  northern  China,  and  larger  areas  in  the  rest  of 
Asia.     It  forms  the  soil  also  over  an  immense  area   in  the 
western   United  States.     Its  thickness  varies,  in  China  up  to 
2000  feet,  and  to  150  and  200  feet  in  Europe  and  America. 

Loess  is  a  calcareous  loam.  It  is  easily  crushed  in  the  hand, 
to  an  almost  impalpable  powder,  and  yet  its  consistency  is 
such  that  it  will  support  itself  for  many  years  in  vertical  cliffs 
200  feet  high.  A  close  examination  shows  that  it  is  filled  with 
tubular  pores  branching  downward  like  rootlets,  and  that  these 
tubes  are  lined  with  carbonate  of  lime.  It  is  to  these  that  it 
owes  its  consistency  and  its  vertical  internal  structure  It  is 
wholly  unstratified,  and  often  where  erosion  has  cut  into  it, 
whether  one  foot  or  one  hundred  yards,  the  walls  are  absolutely 
vertical  Its  vertical  internal  structure  causes  it  to  break  off 
in  any  vertical  plane  but  in  no  other.  Hence  when  a  cliff  is 
undermined  the  loess  breaks  off  in  immense  vertical  plates  leav- 
ing again  a  perpendicular  wall 

It  is  divided  into  beds  varying  in  thickness  from  one  foot  to 
two  or  three  hundred  which  thin  out  to  nothing  at  the  borders 
and  are  separated  by  parting  planes.  These  planes  are  marked 
by  angular  debris  near  the  mountains,  and  by  elongated 
upright  calcareous  concretiorjs  elsewhere. 

This  remarkable  combination  of  softness  with  great  strength 
and  stability  of  exposed  surfaces  is  of  inestimable  value  in 
a  woodless  country.  In  Asia  thousands  of  villages  are  ex- 
cavated in  the  most  systematic  manner  at  the  base  of  cliffs  of 
loess.  Doors  and  windows  pierced  through  the  natural  front 
give  light  and  air  to  suites  of  rooms  which  are  separated  by 
natural  walls,  and  plastered  with  a  cement  made  from  the  Icess 
concretions.  These  are  the  comfortable  dwellings  of  many 
millions  of  Chinese  farmei*s,  and  correspond  to  the  ruder  *' dug- 
outs" of  Nebraska. 

To  the  same  qualities  is  due  the  fact  that  the  loess  districts 
of  China  are  exceedingly  fertile  plains,  in  each  of  which  a 
rapidly  progressing  erosion  has  excavated  the  most  labyrinthine 
valley  systems,  in  which  all  the  members,  down  to  the  smallest 
tributaries,  are  sunk  with  vertical  walls  to  depths  of  from  one 

*  Bead  before  the  National  Academy  of  Sdenoe,  April  1 0th,  1878. 
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hundred  to  several  hundred  feet  Even  the  waffon  roads 
become,  in  time,  depressed  to  a  depth  of  fifty  feet  ana  more  bj 
the  removal  of  the  dust  by  wind. 

Tliere  is  one  more  peculiarity  of  the  loess — ^it  not  onlyii 
wholly  unstratified,  but  it  contains  the  remains  of  only  land 
animals,  and  especially  of  land  snails.  Alexander  Braun  ex* 
amined  211,968  specimens  of  shells  from  the  losss  of  the  Bhine 
between  Basel  and  Bonn,  and  found  that  all  were  land  snails 
except  only  thirty-three  individuals,  consisting  of  Limvm 
Pianorbis  and  Vilrina^  which  came  from  three  isolated  points  ia 
the  valley  of  the  Rhine  and  Neekar. 

The  Icess,  first  well  known  in  the  valley  of  the  Bhine  and  in 
France,  was  recojsnized  later  in  other  parts  of  Europe  and  in 
the  Mississippi  Valley.  It  was  always  looked  upon  as  a  sub- 
aqueous formation.  Fourteen  years  ago  I  observed  and  alt^ 
warrl  described  some  of  the  great  loess-basins  along  the  bound' 
aries  between  China  and  Central  Asia.  I  was  leaif  to  tbecon- 
clusion,  chiefly  from  topographical  reasons,  that  the  Igbss  of 
these  valleys  had  been  deposited  in  a  series  of  great  lakes; 
and  subsequent  observers  took  the  same  view.  But  Bichth- 
ofen,  extending  his  fruitful  joumeyings  over  a  wide  area,  found 
the  loess  occupying  the  loftiest  passes  of  northeastern  China, 
over  8,000  feet  above  the  sea,  antl  he  proves,  in  the  moFt  con- 
clusive manner,  that  an  aqueous  origin  is  impossible.  For  tbe 
former  theories  of  loess  formation  which  required  inconceivable 
conditions  and  are  full  of  contradictions,  Bichthofen  substitutes 
an  cxccfHlingly  simple  and  thoroughly  consistent  explanation 
I  hdpe  I  may  be  excused  for  giving  it  in  brief  terms: 

Whenever,  from  any  cause,  the  winds  blowing  toward  an 
interior  portion  of  a  continent  are  drained  of  their  moisture  on 
the  way,  as  by  the  elevation  in  their  path  of  lofty  conden«ng 
mountains,  the  region  thus  deprived  of  its  rain-bringing  clouds 
soon  has  its  eva]:)oration  in  excess  of  its  rainf^ill.  Its  streams 
dry  up;  its  soluble  and  insoluble  products  of  disint^ration 
are  no  longer  carried  to  the  ocean ;  the  region  becomes  what 
Uichthofen  culls  a  central  area,  in  contrast  to  i)eripheral  n*gioDS 
which  are  drained  directly  into  the  ocean.  The  desiniction  of 
the  vegetation  lays  bare  the  surface,  and  the  products  of  dis- 
integration are  blown  and  sorted  by  the  wind  and  washed  by 
the  occasional  rains  from  the  hills  down  into  the  valle3'S.  This 
material  is  very  nutritive  and  supports  the  grass  of  the  steppes; 
the  dust  left  i)y  the  winds  and  the  hi II- wash  are  arrested  by 
the  grass  which  they  gradually  bury  while  forming  the  soil  for 
new  gmwths.  In  this  way,  portions  of  the  country  become 
buried  in  their  own  and  their  neighbor's  debris.  Great  thick- 
nesses thus  gradually  accumulate  unde'rjroing  a  transformation 
into  loess  by  the  rootlets  and  stems  of  the  vegetation.     I  will 
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lark  bere  that  Bichthofen  has  made  known  the  fact  that  the 
18  is  the  most  fertile  of  soils,  and  that  the  grain-regions  of 
thern  China  which  have  been  continuously  cultivated  for 
re  than  4,000  years  require  practically  no  manure  but  that 
y  are  self-fertilizing.  This  he  ascribes  partly  to  the  porosity 
the  material  which  causes  it  to  absorb  carbonic  acid  and 
monia  in  large  amounts  from  the  air ;  but  more  especially  to 

elevation  of  nutritive  salts  in  the  capillary  tubes  by  diffu- 
D  whenever  a  rain  establishes  a  moistcommunication  between 

sarface  and  the  saline  water  below  the  drainage  level. 
Thus,  whenever  climatal  changes  have  restored  more  or  less 
isture  to  the  atmosphere  of  a  loess  district,  we  have  in  it  the 
no6t  fertility.  The  cold  and  elevated  regions  of  northern 
ina  are  the  granary  of  the  empire — ^and  the  seat  of  the  pres- 
:  great  famina 

&.ttention  has  been  recently  called  by  the  German  geologists 
the  great  fertility  of  the  European  loess,  and  Professor  Hay- 

I  has  emphasized  the  fact  that  the  abundant  productiveness 
much  of  the  West  is  due  to  the  same  soil. 

Etecognizing  from  personal  observation  the  full  identity  of 
iracter  of  the  loess  of  northern  China,  Europe  and  the  Mis- 
iri  Valley,  I  am  obliged  to  reject  my  own  explanation  of  the 
gin  of  the  Chinese  d**posits,  and  to  believe  with  Kichtliol'en 
It  the  true  Icess,  wherever  it  occurs,  is  a  sub-aerial  dei)osit, 
med  in  a  dry  central  region,  and  that  it  owes  its  structure  to 
5  formative  influence  of  a  steppe  vegetation. 
The  one  weak  jxjint  of  Eiehthofen's  theory  is  in  the  evident 
idequacy  of  the  current  disintegration  as  a  source  of  material, 
ben    we   consider  the  immense   area  covered    by   loess   to 

[ahs  varying  from  50  to  2,000  feet,  and  the  fact  that  this  is 
y  the  very  finest  portion  of  the  product  of  rockdesiruclion, 
d  again  that  the  accumulation  represents  only  a  very  short 
riod  of  time,  geologic-ally  speaking,  surely  we  must  seek  a 
3re  fertile  source  of  supply  than  is  furnished  by  the  current 
icomp<^ition  of  rock  surJaee. 

It  seems  to  me  that  there  are  two  important  sources:  L  The 
It  bn^ught  by  rivers,  many  of  them  fed  by  the  products  of 
aeial  attrition  flowing  from  the  mountains  into  the  centml 
jijion.  Where  the  streams  sink  away,  or  where  the  lakes 
hich  receive  them  have  dried  un,  the  finer  products  of  the 
osion  of  a  large  territory  are  left  to  be  removed  in  dust 
^rrns. 

If.  The  second,  and  I  believe,  the  more  important  source  is 
the  residuary  products  of  a  secular  disintegration  which  we 

II  now  consider. 

In  all  regions  where  the  soil  is  protected  by  a  luxuriant  vege- 
ion  the  greater  part  of  the  insoluble  products  of  disintegra- 
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tion  remains  in  situ.  Considerable  portions  of  the  continents 
have  remained  above  water  during  long  geological  |.)eriod& 
Wlicre  this  has  been  the  case,  and  where  the  region  thas 
ex|)osed  enjoyed  a  peripheral  climate  with  a  protecting  vegeU- 
tioii  and  abundant  generation  of  carbonic  acid,  the  teldspathic 
rocks  have  been  profoundly  affected ;  granite  and  gneisses 
being  dec()m(X)sed  often  to  the  depth  of  several  hundred  feet 
In  regions  underlaid  by  impure  limestones  of  great  thickness, 
a  long  continued  existence  as  dry  land  results  in  the  removal 
of  the  lime  carbonate  and  the  formation  of  a  residuarv  accumu- 
lation  of  the  insoluble  impurities.  Thus  in  Missouri,  in  the 
Ozark  Mountains,  the  secular  dissolving  away  of  the  limestones 
which  contained  from  two  per  cent  to  nine  per  cent  of  insola- 
ble  silica  and  clay  has  left  such  residuary  deposits  20  to  120 
feet  thick. 

The  decay  of  a  rock  mass  progresses  from  the  joints  and 
cracks,  by  which  the  mass  is  divided  into  polygonal  blocks,  and 
the  rate  of  this  progress  varies,  in  different  rocks,  with  the 
ntiture  of  the  mineral  constituents  and  the  physical  conditioa 
of  structure,  texture,  mineral  combination,  etc. 

In  granular  nxiks,  as  granites,  syenytes,  gneisses,  granulytcs, 
diorytcs,  etc.,  the  product  is  an  argillaceous  santl  or  a  sandy 
clay;  porphyries,  basaltic,  trachytic  rocks,  cenerally  produce 
ferruginous  clays;  impure  limestones  and  dolomites  undei^ 
the  greatest  shrinkage  of  volume,  leaving  masses  of  sandy  clay 
with  chert  separating  the  broken  up  representatives  of  sucd 
layers  of  shales  and  sandstones  as  were  intcrstratified  with  them. 
Calcjueous  sandstones  and  shaL'S  also  leave  sands  and  clav& 

The  diicay  may  extend  to  great  depths  before  it  reaches  the 
cores  of  the  larger  polytronal  blocks.  Where  this  is  the  case, 
the  (lisintcgrated  mass  consists  of  the  rounded  cores  of  the 
blocks  surrounded  by  the  decomposition  product  of  the  rest 
of  the  mass. 

Other  things  being  equal,  the  granular  rocks  of  a  region  will 
be  nearly  or  quite  reduced  to  a  loose  mass  when  the  com[iact 
rocks  like  porphyries  and  basalts  have  still  a  large  proportion 
of  their  niiiss  represented  by  the  rounded  cores. 

Even  slate  rocks — especially  talcose,  chloritic,  hydro-mica 
and  sericite  slates — are  often  affected  to  considerable  depths. 

As  different  rcKjks  are  affected  in  very  different  degrees  by 
this  change,  it  happens  that  in  regions  underlaid  by  a  diversity 
of  rocks,  tiic  plane  marking  the  boundary  between  disinte- 
grated rock  ana  still  hard  rock  must  be  an  exceedingly  irregu- 
lar one. 

If  we  could  imagine  the  loose  altere<l  rock  removed  where 
this  process  has  been  active  in  depth,  the  surface  exposed 
would  present  a  remarkable  topography,  one  in   which  the 
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ardoess  of  the  material  would  play  no  causative  part.  The 
rominent  features,  such  as  ridges  and  hills,  would  consist  of 
le  rocks  that  are  most  resistant  to  carbonic  acid,  as  for  instance, 
le  soft  clay  slates  and  mica  schists,  as  well  as  the  hard  quartz- 
tes  and  sandstones.  The  action  of  frost  does  not  concern  us 
ere,  for  it  is  comparatively  a  surface  phenomenon. 
The  depressions  would  represent  rocks  more  or  less  easily 
5ted  upon  by  carbonic  acid,  water  and  free  oxygen,  and  to  a 
neater  or  less  extent,  all  rocks  carrying  a  feldspar  in  abundance. 
Je  need  not  expect  to  find  here  inequalities  of  surface  of  the 
rpes  produced  by  erosion.  The  depressions,  instead  of  being 
alley  systems  caused  by  erosion  by  gravitating  material,  are 
ecessarily,  to  a  great  extent,  closed  basins  produced  by  the 
awnward  growth  of  the  rock  decay.  Deep  and  shallow  basins 
ithout  outlets  may  be  formed  by  the  decay  of  the  rock  occu- 
jring  the  meshes  of  a  network  of  less  affected  dykes  or  veins ; 
at  generally  they  owe  their  origin  to  the  unequal  distribution 
E  the  sources  of  dissolving  reagents  on  the  surface  above,  for 
istance,  swamps  and  lakes,  and  to  inequalities  in  the  character 
f  the  rock  itself.  On  the  other  hand,  dykes  more  easily 
Sected  than  the  enclosing  rock,  and  fissures  causing  the  decay 
[  their  walls,  would  both  give  rise  to  remarkable  defiles. 
"hese  conditions  are  all  presented  in  the  most  striking  manner 
Q  the  plateau  of  Central  Asia.* 

*  The  importanoe  of  this  decay  in  depth  under  protection  from  erosion  seems  to 
i7e  whoUj  escaped  the  attention  of  geologists  as  a  factor  of  general  significance. 
?en  the  more  remarkable  local  instances  are  rarely  mentioned  and  only  one  or 
ro  have  found  references  in  text  books. 

Mr.  Darwin  states  that  the  numerous  travelers  in  Brazil  have  all  been  surprised 
t  the  depth  to  which  the  gneiss  and  other  granitic  rocks  as  well  as  the  talcose 
ates  in  the  interior  have  been  decomposed. 

Near  Rio  every  mineral  except  the  quartz  has  been  completely  softened,  in 
9me  places  to  depths  little  less  than  one  hundred  feet. — Darwin,  Geological 
observations,  Part  III,  p.  143.     London,  1851. 

Professor  J.  D.  Whitney  explains  the  accumulation,  sometimes  thirty  feet  thick 
lunstratified  red  clay,  chert  and  galena  in  the  Wisconsin  lead  region,  by  suppos- 
Qg  it  to  be  the  residuum  left  by  the  gradual  dissolving  away  of  several  hundred 
eet  of  impure  limestone. — Greology  of  Wisconsin,  vol.  i,  p.  121.     1853. 

1  have  since  observed  and  described  the  results  of  this  process  on  a  much  larger 
icale  among  the  dolomites  of  southern  Missouri. — Greological  survey  of  Missouri ; 
Iron  Ores  and  Coal  Fields,  p.  8.     1873. 

According  to  Dr.  Benza,  the  Neilgherry  Ilills,  occupying  an  area  of  about  100 
iquare  miles  in  southern  Hindostan  are  of  granitic  and  homblendic  rock  and  are 
iiinotegrated  often  to  a  depth  of  forty  feet. — Leonhard  u.  Brown,  Neues  Jahrb. 
■firMin.  Geol.  u.  Petrofact.,  1838,  p.  713. 

The  memoirs  of  the  Geological  Survey  of  India  record  the  prevalence  of  tliis 
bep-eeated  decay  in  the  crystalline  rocks  of  that  part  of  the  world. 

Dr.  T.  Sterry  Hunt,  who  considers  this  decay  to  have  taken  place  in  Archaean 
tme,  after  affirming  its  prevalence  and  depths  in  the  southeastern  States,  sees  in 
;  the  source  of  the  extensive  deposits  of  hydrated  iron  ores  that  occur  along  the 
ase  of  the  Blue  Kidge.  He  also  ascribes  its  removal  in  the  northern  country 
►  the  action  of  long-continued  erosion  and  the  final  washing  away  by  water  and 
e  during  the  Glacial  epoch. — Proceedings  Bost.  Soc.  of  Nat.  Hist.,  vol.  xvi,  Oct. 
(th,  1873. 
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As  soon  as  we  pass  the  limits  of  glaciation  we  find  in  soutlh 
ern  Pennsylvania,  Maryland  and  Viivinia  the  crystalline  mcla 

Srofoundly  affected,  especially  the  feTds|>athic  kinds,  bat  tlw 
ecsiy  extends  also,  with  differences  in  kind  and  degree  to  tlw 
various  slates.  It  mav  be  well  seen  in  the  railway  cattings  in 
gneiss  between  Philadelphia  and  Baltimore,  and  in  the  slatesof 
Frederick  County,  Maryland. 

In  the  report  of  the  geological  snrvey  of  Missoari  presented 
in  April,  1873,  I  have  called  attention  to  the  extent  of  this 
decomposition  in  the  granites,  porphyries,  and  limestones  of 
Missouri,  and  to  the  great  economic  importance  of  its  reNalting 
accumulations  which  I  have  called  residuary  de[i08it8  in  ood- 
nection  with  the  iron,  lead  and  zinc  ores. 

In  October  of  the  same  year,  Ur.  T.  Sterry  Hunt  described 
the  prevalence  of  this  same  decay  throughout  the  southeastera 
States,  often  to  a  depth  of  one  hundred  feet  or  more,  con8ide^ 
ing  it  to  date  from  a  verv  early  geological  time. 

Over  a  large  part  of  E!urope  and  America  this  accumalatiaii 
has  been  I'emoved  by  glacial  action.  We  may  assume  that 
during  the  gradual  approach  of  the  glacial  epoch  the  ground  in 
the  northern  half  of  the  northern  temperate  zone,  as  the  meaa 
annual  temperature  fell  below  the  freezing  point  became  per 
petuullv  frozen  and  when  covered  by  the  glacial  ice,  the  thick- 
ness of  tiie  glacier  instead  of  being  measured  from  the  upper 
surface  down  to  the  former  soil  should  be  measured  down  to 
the  l)ottom  of  the  residuary  mass  of  disintegrated  rock.  It 
seems  to  me  that  only  on  this  supposition  can  we  explain  the 
enormous  amount  of  the  ground  moraine  that  covers  oar  north- 
em  country,  and  the  predominance  in  it  of  the  debris  of  locil 
rocks.  The  whole  of  this  loose  material  must  have  participated 
in  the  movement  of  the  ice,  though  far  more  slowly  than  the 
overlying  and  more  nearly  pure  ica  Thus  at  any  giren  pointy 
the  material  on  and  near  the  surface  would  represent  localities 
considerably  farther  northward  than  that  at  the  bottom.  We 
can  only  thus  account  for  the  disappearance  of  the  vastamoant 
of  residuary  disintegrated  material  that  must  have  existed  over 
the  surface  of  the  Archaean  feldspathic  rocks  of  eastern  British 
America.  But  in  Northern  Asia,  north  of  the  40th  degree  of 
latitude  there  are  no  traces  of  a  general  glacial  action  such  as 
existed  in  Northeastern  America  and  Northern  Europe.    The 

According  to  a  verbal  communication  of  Professor  W.  B.  Rogers,  this  dec^ 
reaching  decay  is  general  throughout  the  schists  of  the  Southeastern  BMrn^ 
where  its  depth  often  exceeds  two  hundred  feet 

Mr.  Alexander  Ag^issiz  and  Mr.  Thomas  MacFarlane  have  both  infonned  m 
that,  at  least  the  granitic  rocks  of  the  Andes  are  similarly  affected. 

8ince  this  paper  was  written,  I  have  had  occasion  to  obsenre  the  inuneiin 
extent  of  the  disintegration  in  place  that  exists  in  the  slates,  diorites  and  sjemtie 
granites  of  the  foot-hills  of  the  Sierra  Nevada  in  California. 
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evi<1ence  indeed  is  all  the  other  way.  And  yet,  while  the  rocks 
oF  Southern  Asia  show  extensive  residua  of  disintegnition,  the 
fesults  of  a  secular  decomposition  protected  from  ero^tion  by  an 
lAamiant  v^etation,  the  feldspathic  rocks  of  Northern  China 
«nd  cxf  Centra]  Asia  are  as  free  irom  this  as  are  those  of  north- 
CBStem  America. 

The  only  answer  to  the  question,  what  has  become  of  them? 
ki  that  tliey  have  been  blown  and  sifted  and  assorted  by  the 
winds,  the  heavier  fragments  remaining  to  be  reduced  by  weath- 
ering and  to  form  the  stony  steppes,  the  sand  drifting  in  bil- 
lowy waves  over  the  country,  and  forming  sand-deserts,  while 
the  fine  dust  floating  in  the  air,  an  impalpable  powder  is  depos- 
ited far  and  near,  and,  under  the  influence  and  protection  of 
the  steppe  grasses,  is  transformed  into  the  loess* 

It  is  not  many  years  since  the  glacial  ^'tiir'  was  recognized 
as  an  extensive  formation.  The  great  development  of  the  loess 
has  only  just  been  demonstrated  by  the  observations  and  gen- 
emliziitions  of  Baron  Richthofen.  The  importance  of  each  of 
these  deposits  seems  to  me  to  necessitate  u  recognition  of  the 
importance  of  the  great  residuary  deposits  as  the  source  of  both 
die  others. 

We  have  here  suggestions  that  bear  on  many  and  varied  geo- 
h^gical  problems,  some  of  these  which  now  occur  to  me  I  may 
he  permitted  to  mention. 

There  are  few  problems  in  dynamical  geology  that  have  been 
considered  more  dilBcult  to  solve  than  the  origin  of  rock-basins. 
Wherever  my  route  between  the  great  wall  of  China  and  the 
Siberian  frontie'r  lay  through  a  region  of  crystalline  rocks,  I 
found  that  one  of  the  characteristic  features  of  the  surface  was 
the  prevalence  of  basin-shaped  depressions  of  all  sizes  hollowed 

*  No  one  can  realize  the  capacity  of  wind  as  a  transporter  of  fine  material,  who 
kis  not  lived  throaj^h  at  least  one  g^at  storm  on  a  desert.  In  such  a  simoon  the 
ilBioqxhere  ia  filled  with  a  driving  mass  of  dust  and  eand  which  hides  the  coun- 
tij  under  a  mantle  of  impenetrable  darkness,  and  penetrates  every  fabric ;  it  often 
teln^js  life  bj  suffocation,  and  leaves  in  places  a  deposit  several  feet  deep. 

Tbe  prerailing  westerly  wind  carrying  sand,  carves  and  polishes  the  rocky  crest 
of  the  Sierra  Nevadas,  and,  as  Mr.  King  tells  me,  has  formed  long  wind -stream 
ieltia,  if  I  may  coin  Uie  term,  in  the  form  of  lofty  sand  ranges  stretching,  from 
Mcfa  pass  eastward,  far  out  on  the  desert 

The  often-cited  instances  of  far-driven  volcanic  ashes  show  the  ability  of  the 
wind  to  carry  comparatively  coarse  dust  through  distances  of  several  hundred 
■flea,  hot  it  does  not  peem  improbable  that  the  finer  particles  may  remain  sus- 
Mded  while  the  wind  makes  a  complete  circuit  of  the  globe.  I  witnessed  on 
March  Slat  and  April  lat,  in  1863,  a  dust  fog  at  Nagasaki,  which  lasted  two  days, 
iod  left  <mly  a  just  perceptible  film  of  dust,  observable  only  on  the  white  newly- 
painted  deck  of  a  yacht  A  similar  fog  occurred  simultaneously  at  Shanghae, 
iod  both  were  cotemporaneous  with  a  terrific  dust  storm  which  during  two  days 
Arooded  tbe  country  about  Tientsin  in  deep  darkness. 

I  am  indebted  again  to  Mr.  Clarence  King,  for  the  statement  that  dust  foga 
oeeor  on  the  coast  of  California  with  the  prevailing  west  wind  *,  and  this  may  be 
m  be  suggeeta,  the  finest  residuum  of  the  Icess  dust  of  an  Asiatic  dust  storm. 
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out  of  the  rock.*    In  other  words,  if  filled  with  water  they  j 
would   have  been  lakes  without  outlets  and  with  unbrokea  ' 
sides  of  rock.     In  some  exceptional  instances  it  was  clear  that 
systems  of  intersecting  dykes  had  been  less  acted  upon  by  the 
biisin-making  process   than    the  intervening   rocks,   and  the 
basins  were  iormed  in  these  last 

The  rock  basins  of  Scotland  have  been  graphically  described 
by  Geikie,  and  while  a  great  many  of  the  countless  lakes  and 
lakelets  in  the  region  of  the  crystalline  rocks  of  North  Ame^ 
ica  and  Northern  Europe  are  valleys  of  erosion  with  dams  d 
glacial  moraine  material,  vast  numbers  of  them  undoubtedly 
till  rock-basins.  An  ingenious  explanation  of  the  formation  of 
these  rock-bound  depressions  given  by  Bamsay  and  accepted 
by  Geikic  as  the  only  reasonable  hypothesis,  is  that  the  rock- 
basins  of  the  loch  and  fiord  kinds  are  due  to  unequal  scalp- 
turing  by  glaciers. 

lie  says  that  where  the  bed  of  a  glacier  diminishes  its  angle 
of  slope,  the  vertical  pressure  of  the  ice  on  its  bed  becomea 
greater,  both  owing  to  the  lessened  inclination  and  to  the 
increased  thickness  of  the  ice,  while  farther  down  the  incline 
the  widening  of  the  valley  causes  the  ice  to  spread  and  conse- 
quently to  diminish  its  thickness  and  pressure ;  the  result  being 
a  rock -basin  dammed  by  a  ro(*k-bar. 

While  this  may  be  admitted,  with  some  reservations,  as  t 
satisfactory  explanation  for  many  fiords  and  lochs  cut  in  the 
declivities  of  a  mountain  range  or  of  a  steep  coast,  it  is  uselea 
in  regard  to  the  lake-basins  of  flat  countries,  like  Finland  and 
British  America.  Geikie  endeavors  to  use  this  hypothesis  to 
explain  also  the  rock-basins  observed  b}'  me  in  Central  Asia;t 
but  it  is  still  more  useless  here  as  an  explanation,  because  there  j 
are  absolutely  no  traces  of  glaciation  in  Central  Asia,  outside  j 
of  the  high  mountiiin  chains.  These  Asiatic  depressions  are 
rough  and  ragged,  and  the  debris  contained  in  them  consists  of 
ragged  angular  fragments  of  the  local  rocks,  while  the  glaciated 
basins  of  America  and  Europe  are  smoothed  and  polished  and 
the  debris  they  contain  consists  of  the  roundeci  and  scored 
material  of  the  drift. 

The  basins  of  Asia  were  emptied  by  wind,  and  those  of 
Northern  Europe  and  America  were  emptied  by  ice,  but  the 
wind  and  the  ice  were  only  immediate  agents  employed  in  rap- 
idly emptying  basins  which  had  been  long  forming  by  a  pro- 
cess common  to  both — the  secular  decay  of  the  rock.  I  wonld  5 
thus  seek  the  real  cause,  not  in  the  unequal  nature  and  action 
of  the  instrument,  but  in  the  unequal  physical  condition  of  the 

*  Pumpelly,  Geological  Researches  in  China,  Mongolia  and  Japan,  pages  72, 13, 
26,  Smithsonian  Inst.,  1866. 
t  Geikie— Great  Ice  Age,  pages  351-3.i2,  D.  Appleton  ft  Co.,  1S76. 


R  Pumpelly — Secular  Rock-disintegration.  141 

material  operated  on.  It  is  evident,  I  think,  that  we  have  in 
these  residua  an  adequate  source  of  material  for  the  glacial  drift 
and  for  the  loess,  although  other  sources  have  prooably  con- 
tributed in  some  regions  to  the  formation  of  the  latter,  as  for 
instance,  rivers  which,  fed  by  silt-loaded  glacier-streams,  sink 
away  on  the  plains  of  the  central  area,  leaving  their  suspended 
material  to  dry  and  drift  on  the  surface. 

In  reply  to  some  questions  bearing  on  the  possible  sources  of 
the  loess  of  the  Missouri  valley,  Mr.  Clarence  King  kindly 
informs  me  that  during  the  Pliocene  the  entire  surface  of  the 
great  plains  was  covered  by  a  sheet  of  water  which  he  has 
called  Cheyenne  Lake.  Its  deposits,  known  as  the  Missouri 
Pliocene — 2,000  feet  thick  at  the  western  edge  along  the  Rocky 
Mountains — become  very  thin  at  the  eastern  margin  in  Elansas 
and  Nebraska.  Throughout  the  eastern  portion  at  all  points 
over  150  miles  east  of  the  mountains,  the  material  is  exceed- 
ingly fine — so  fine  that  Professor  Brewer  found  that  when 
sbaKen  with  water  in  a  test  tube  it  does  not  settle  after  stand- 
ing a  year.  Furthermore,  Mr.  King  (anticipating  one  of  the 
generalizations  of  the  forthcoming  volume  of  his  reports),  says 
Uiat  there  was  a  period  of  intense  dryness  affecting  the  whole 
region  of  the  great  basin,  and  at  least  a  portion  of  the  great 
plaina  During  this  period  there  were  exposed  to  wind-erosion, 
not  only  the  surface  of  the  plains,  but  tne  entire  region  east 
and  west  of  the  mountains  that  had  been  subjected  to  the  Bad- 
land  erosion.  The  countless  cliffs  and  rounded  outlines  sculp- 
tured out  of  the  soft  Tertiary  clays  and  marls  which  form  the 
Bad-lands  were  particularly  susceptible  to  wind-erosion.  Finally, 
Mr.  Kin^  summarizes  his  answer  in  these  words:  **The  lacus- 
trine basins  of  the  plains  and  Bocky  Mountains  certainly  afford 
sufficient  fine  material,  the  period  of  desiccation  between  the 
two  floods  of  the  Quaternary  affords  the  necessary  dryness,  and 
the  prevalent  west  wind  would  account  for  the  transportation 
to  the  east" 

In  the  warmly  contested  question  as  to  the  capacity  of  con- 
tinental glaciers  in  excavating  solid  rock,  the  great  extent  of 
the  "  till  and  of  the  modified  drift  have  been  adduced  as  an 
evidence  of  this  power.  It  seems  to  me  rather  that  the  abun- 
dance  of  the  drift  material  may  be  equally  well  taken  as  in 
great  part  but  not  wholly  a  measure  of  the  effect  of  long-con- 
tinaed  and  undisturbed  disintegration  and  of  the  transporting 
power  of  ice,  and  that  a  period  of  ^laciation  may  be,  as  Buti- 
meyer  insists,  a  period  of  comparative  rest  as  regards  excava- 
tion of  hard  rock. 

The  great  source  from  which  mountain  glaciers  derive  their 
moraines  is,  as  is  well  known,  in  the  incessant  rending  action 
of  cold—of  constantly  alternating  contraction  and  expansion — 

Am.  Joub.  Bgi.— Third  Sbribb,  Vol.  XVII,  No.  98.— Feb.,  1879. 
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on  the  rocks  of  the  peaks  and  precipices  that  rise  above  the  ice. 
But  a  continental  glacier,  such  as  covered  Northeastern  Amer- 
ica, had  no  such  source  of  supply :  for  all  the  mountains  were 
covered  with  ice  and  were  thus  protected  from  the  operation  of 
this  process. 

The  great  ice-sheet  removed  the  residuary  accumulation  of 
loose  material  down  to  the  solid  rock ;  in  domg  this  the  loose 
material  was  ground  together,  producing  much  claj  and  sand; 
and  besides  this,  the  glacier  gnnding  with  this  material  under 
the  immense  weight  of  the  ice  on  the  solid  rock,  exerted  an 
abrading  and  polishing  action,  the  product  of  which  must  have 
been  wholly  very  6ne  flour.     I  would  thus  measure  the  exca- 
vating action  of  the  continental  glacier  in  solid  rock  only  by  a 
small  portion  of  the  finest  part  of  the  glacial  debris.     For,  since    : 
all  the  bowlders  of  the  ground  moraine  have  been  abraded    : 
over  their  whole  surfaces,  the  amounts  of  the  product  of  abra-    j 
sion  from  the  loose  residuary  material  on  one  band  and  from 
the  solid  rock  bottom  on  the  other  should  stand  to  each  other 
in  nearly  the  ratios  of  their  respective  surface  areas. 

Not  the  least  important  suggestion  is  the  influence  of  the 
causes  wc  have  considered  on  the  succession  of  marine  strata^ 
Great  areas  like  Southern  China  and  the  southeastern  Cm- 
ted  States  have  remained  as  dry  land  from  the  Triassic  period 
till  now.     Throughout  this  long  lapse  of  time,  disintef^tioD 
and  decomposition  have  been  at  work,  and  one  has  only  to  look 
at  the  excavations  in  Philadelphia  and  on  the  railroads  running 
south  from  there  to  get  some  idea  of  what  these  agencies  can 
accomplish.     But  the  abundant  vegetation  of  a  moist,  periphe- 
ral region  has  so  thoroughly  protected  the  residuary  massuom 
emsion  that  the  streams  run  clear,  carrying  to  the  ocean  only 
soluble  salts  and  the  comparatively  unimportant  products  of 
attrition.     Tliere  are  three  methods  by  which  these  vast  stores   I 
of    slowly-prenared   detritus   can    become   available   to  form  j 
mechanical  sediments,  and  all  are  rapid,  in  this  sense,  viz:  that   I 
other  things  being  equal,  by  each   method,  the  ocean  receives  ] 
in   a  given  time  an  enormously  greater  amount  of  sediment  i 
than  it  would  receive  had  there  oeen  no  such  accumulation   ! 
ready  at  hand.     The  frst  method  is  an  encroaching  sea-coast   i 
The  second  is  the  removal  of  the  residua  as  the  ground-moraine  ; 
of  a  continental  glacier  to  furnish  the  ocean-border  with  enor  \ 
mous  quantities  of  gravel,  sand  and  clay,  both  from  the  frontal 
moraine  and  through  the  immense  influx  of  debris  brought  by 
the  rivers,  at  first  from   the  melting  ice,  and,  for  a  long  time 
afterward,  from  the  accumulated   masses  of  gravel   and  sand 
brought  down  by  freshets.     The  ^nrd  method  is  through  the 
mediation  of  the  Icess  formation.     Let  us  imagine  a  region  of 
granites,  gneisses  and  impure  limestones  that  has  long  been 
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dry  land,  and  has  been  covered  by  abundant  vegetation,  to  be 
trangformed  into  a  dry,  central  area.  The  destruction  of  the 
protecting  plants  would  expose  to  the  fierce  winds  the  loose 
residua  of  long  periods  of  disintegration  of  the  rocks.  Under 
this  process  of  a  dry  separation  the  material  would  be  sorted, 
the  nnest  carried  to  great  distances,  would  find  resting  places 
only  where  under  the  protection  of  steppe  grasses  it  could  be 
fixed  and  transformed  into  Icess.  The  coarsest  would  remain 
to  form  the  gravelly  steppes,  while  the  material  of  intermedi- 
ate grain,  chiefly  siliceous  sand,  not  capable  of  giving  suste- 
nance nor  of  being  fixed,  would  drift  in  dune-like  waves  before 
the  prevailing  winds,  transforming  everything  in  its  track  into 
desert  wastes. 

We  have  in  the  immense  Icess  deposits  of  China,  often  more 
than  one  thousand  feet  thick,  and  in  those  of  Europe  and  west 
of  the  Mississippi,  which  are  often  measured  by  nundreds  of 
feet,  the  best  evidence  of  the  ability  of  the  loess-forming  pro- 
oeas  to  accumulate  vast  masses  of  fine  material  in  a  compara- 
tively short  time. 

Let  us  now  imagine  this  same  r^on  to  be  subjected  to  a 
reversal  of  this  process,  and  transformed  again  into  a  transition 
lone,  in  the  manner  so  strikingly  described  by  Bichthofen. 
Aa  tne  rainfall  gradually  comes  to  balance  and  exceed  the 
evaporation,  the  streams  that  empty  into  ihe  ocean  push  their 
■oarces  &rther  and  farther  back  into  the  loess  territory,  gradu- 
ally tapping  the  Salt  Lakes  and  taking  up  their  tributaries  until 
the  ocean  again  drains  the  continent 

This  is  the  period  of  the  turbid  watera  The  rapid  growth 
of  systems  of  drainage  and  erosion  in  a  loess  territory  hardly 
admits  of  description.  It  is  limited  only  by  the  amount  of 
rain-fall.  Coasts  which  during  geological  ages  have  received 
only  limpid  streams,  and  in  whose  waters  the  corals  and  lower 
organisms  have  worked  heretofore,  scarcely  disturbed  by  the 
products  of  wave-erosion,  are  now  continuously  deluged  with 
yellow  silt. 

The  great  silt-loaded  rivers  of  the  world  are,  in  at  least  nearly 
all  instances,  streams  which  after  running  clear  water  for  lon^ 
ages,  are  now  merely  temporarily  employed  in  making  a  rapid 
transfer  of  the  loess  which  is  itself  the  product  of  a  concentra- 
tion by  wind  of  the  products  of  a  slow  disintegration  which 
may  have  lasted  from  the  Carboniferous  period  to  the  Post  Ter- 
tiary. 

When  we  consider  not  only  the  enormous  volume  of  this  silt, 
but  also  the  fact  that  its  extreme  fineness  causes  it  to  be  car- 
ried over  great  areas  in  suspension  before  it  sinks,  we  can  con- 
ceive that  its  effects  may  be  catastrophic  as  regards  the  less 
plastic  forms  of  life.     This  would  be  the  case  especially  where 
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the  range  of  a  fauna  peculiar  to  a  given  coast  is  more  limited 
than  the  area  affected  by  the  silt.  The  waters  of  the  China 
sea  for  one  hundred  miles  or  more  out  to  sea  are  yellow  at  the 
surface  with  loess-mud  along  six  hundred  miles  of  coast ;  and 
when  we  consider  the  extreme  slowness  of  deposition  of  this 
fine  material,  we  cannot  doubt  that  below  the  surface  the  silt 
extends  eastward  to  the  Kurosiwa,  and  follows  the  lower  strata 
of  this  current  far  to  the  northeast 

This  rapid  transfer  will,  sooner  or  later,  bring  all  the  Iqmb 
into  the  ocean,  and  thenceforth  the  waters  of  the  streams  and 
the  coast  will  be  clear,  or  alternately  clear  and  turbid,  in  pro* 
portion  to  the  absence  or  frequence  of  oscillations  of  the  coast 
level. 

Environment  and  plasticity  have  been  described  as  interree- 
nant  directing  forces  in  evolution.  It  is  daring  this  peruxl 
of  turbid  waters  that  the  influence  of  environment  and  plastio- 
ity  must  be  the  most  important  factors  in  the  evolution  of  life- 
forms;  usurping,  for  a  greater  or  less  length  of  time,  the  posi- 
tion held  for  long  ages  by  the  purely  biological  factors — snrn- 
val  of  the  fittest,  ana  heredity. 

The  very  fine  marine  sediments  are  probably  for  the  greater 
part  the  rapidly  removed  products  of  long-continued,  protected 
disintegration  and  decomposition.  If  this  be  so,  then  the  finer 
sand  and  clay  rocks  of  any  given  column  shoald  reoord  the 
extermination  of  all  forms  which,  no  matter  how  vigoroos 
otherwise,  were  not  able  to  adapt  themselves  to  the  radical 
change  in  their  physical  surroundings ;  and  they  shoald  record 
also  the  operation  of  inorganic  environment  which  then  came 
in  to  break  rudely  the  chain  of  descent,  and  introduce,  during 
an  interregnum,  new  laws  of  development  under  which  grew 
up  new  forms. 

In  the  removal  of  the  residuary  products  of  disintegration, 
glacial  action  and  wind  action  perform  parts  that  are  nearly 
complementary  to  each  other ;  for  the  removal  by  wind  pre- 
supposes a  central  continental  climate  in  which  the  dryness  has 
temporarily  become  sufficiently  extreme  to  destroy  the  vegeta- 
tion, while  a  general  glacial  action  presupposes  a  very  moist 
climate. 
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Abx.  XYIL—A  method ^ Determining  (Ae  Dip;  by  N.  D.  C. 
HODOES. 

Thi  magnetic  polarity  of  a  bar  of  soft  iron  is  greatest  when 
^  bar  lies  in  the  line  of  the  dip.  This  positioD  of  maximum 
ateDsity  might  be  tested  for  by  a  small  needle  hung  near  one 
tt  (be  poles.  This  or  similar  ways  have  been  used.  The  objeo- 
aoiu  are  (hat  the  rate  of  change  in  the  polarity  in  small  as  the 
Mr  approaches  the  position  sought,  and  the  testing  needle  takes 
t  leas  aod  less  sensitive  position,  since  the  farther  it  is  tamed 
horn  the  meridian  the  greater  becomes  the  movement  of  the 
brce  of  (he  earth  upon  it  tending  to  bring  it  back.  If,  instead 
tfone  bar,  two  bars  joined  at  right  angles  at  a  point  near  their 
Ntds  be  used,  these  aifiScalties  mav  be  avoided.  When  such  a 
eoinpoand  bar  is  placed  so  that  the  two  branches  make  equal 


ingles  with  the  line  of  dip,  the  etfect  on  one  of  them  is  to 
mate  the  lower  end  a  north  pole  and  its  upper  end  a  south,  on 
the  other  the  lower  a  south  and  upper  a  north.  Supposing  the 
bare  exactly  similar,  the  two  poles  at  the  point  where  they  are 
joined,  will  neutralize  one  another;  and  any  needle  suspended 
near  that  point  will  hang  in  the  meridian  unaffected  oy  the 
bars.  A  slight  turning  of  the  compound  bar  wilt  render  the 
Seld  in  which  the  needle  bangs  either  a  north  or  south,  and  it 
will  move  to  correspond.  To  eliminate  the  effect  of  any  per- 
DianeDt  magnetism  m  the  iron,  four  readings  may  be  taken  ;  first 
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both  bare  above  the  line  of  dip,  then  both  below  or  in  a  positioQ 
nearly  180°  from  the  firet,  finally  moving  them  so  as  to  present 
the  other  side  to  the  needle  in  each  of  the  firet  two  positions. 

The  firet  series  of  observations  were  made  to  see  how  con- 
stant the  readings  would  be  and  how  sensitive  the  method. 
They  were  all  taken  within  twenty-four  hours.  After  two  of 
them  the  testing  needle  was  changed  from  hanging  horizontally 
to  hanging  at  an  angle  of  45°.  This  was  done  to  see  if  the 
poles  at  the  outer  ends  of  the  bare  had  any  inflaence.  If  the 
axis  of  the  testing  needle  made  equal  angles  with  the  two  ban, 
the  outer  poles  being  at  equal  distances  from  the  poles  of  the 
needle,  would  counteract  each  other  as  far  as  turning  the 
needla  The  results  were  constant  within  the  limits  of  observ- 
ation. The  separate  readings  differed  much  more  from  the 
mean  in  the  beginning.  The  bare  seemed  nearly  free  of  pe^ 
manent  magnetism  finally. 
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The  second  series  dhows  the  effect  of  magnetising  one  of  the 
bare.  The  firet  three  were  taken  in  the  morning,  the  last  two 
in  the  afternoon,  after  the  magnetizing.  While  the  latter  were 
being  made,  the  magnetic  state  of  the  iron  was  rapidly  chang- 
ing, as  the  corresponding  readings  placed  opposite  one  another 
show,  and  rendered  any  accuracy  impossible. 
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The  third  series  gives  the  results  obtained  on  trying  to  remove 
the  magnetism  by  rapping  the  bare  with  a  hammer  after  each 
determination.  The  separate  readings  anproached  the  value  of 
the  inclination.  Tlie  averages  remainea  constant  within  the 
limits  of  the  instrument 
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The  fourth  series  of  results  are  those  before  and  after  heat- 
ing the  bars  to  redness  for  three  or  four  hours. 
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The  instrument  used  was  constructed  to  test  the  principle  of 
the  method.  The  accompanying  cut  shows  quite  clearly  the 
different  parta  The  views  are  of  the  front  and  back  of  the 
divided  cirola  The  iron  bars  are  shown  in  the  position  to  the 
mMh  and  above  the  line  of  dip,  the  initial  position  of  the  above 
description.  They  are  on  a  frame  which  turns  about  the  cen- 
ter of  the  circle,  and  from  which  they  can  be  easily  detached 
and  reversed.  The  other  plan  shows  the  testing  magnet  in  the 
casing  at  the  middle  of  the  disk. 

No  particular  care  was  taken  to  have  the  plane  of  the  circle 
in  the  plane  of  the  magnetic  meridian.     As  a  self-registering 

S»paratus.  the  instrument  seemed  faulty;  as  at  no  time  during 
e  experiment  did  the  magnetic  state  of  the  iron  remain  con- 
Kant 

Vtpial  LaboratOTy,  Harvard  College,  Deo.  6, 1878. 


A.RT.   XVLLL  —  On  a  Group  of  dissimilar  Eruptive  Rocks  in 
CampUm^  New  Hampshire  ;  by  Georqe  W.  Hawes. 

Among  other  results  of  the  petrographical  studies  made  by 
me  under  the  direction  of  the  Ifew  Hampshire  State  Survey,* 
I  have  shown  that  the  rocks  of  the  dikes,  abundantly  scattered 
through  the  White  Mountains,  are  very  diverse  in  composition 
and  in  mineral  constituents.  Independently  of  the  results  of 
decomposition,  which  has  in  many  cases  widened  original  dif- 
ferencci^,  rocks  which  to  the  eye  appear  identical  are  often  found, 
on  microscopic  examination,  to  be  fundamentally  different ;  and 
the  rocks  of  closely  adjoining  dikes  not  infrequently  have  no- 
thing in  common  save  their  geological  position.  This  feature 
is  quite  striking,  especially  when  considered  in  connection  with 
the  uniform  character  of  the  eruptive  rocks  in  some  adjoining 
regions.  To  illustrate  it  1  have  made  a  study  of  a  small  group 
of  dikes  in  Caropton  where  this  diversity  is  very  well  exhibited. 

The  Livermore  Falls  are  in  Campton,  but  they  are  only  two 

*  Geologj  of  New  Hampshire,  Hitchcock ;  Part  IV ;  Mineralogy  and  Lithology. 
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miles  distant  from  the  larger  and  more  accessible  town  of  Ply- 
mouth. The  Pemigewassett  river  has  here  cut  a  gorge  through 
a  hill,  and  in  the  walls  of  this  gorge  the  eruptive  dikes  are  veij 
conspicuous.  The  /uforge  is  not  long,  ana  the  dikes,  five  in 
nninl)er«  are  all  embraced  in  a  portion  of  it  which  is  little  more 
than  a  hundred  yards  in  length. 

Attention  was  called  to  these  dikes  in  1837,  by  Professor  0. 
P.  Hubbard  of  Dartmouth  College.*  His  description  of  them 
is  ncconipanied  by  a  picture  of  the  gorge,  which  shows  their 
forms  and  relative  position ;  but  as  the  rocks  could  only  be 
identified  by  microscopic  examination,  he  did  not  attempt  to 
classify  them. 

The  rock  through  which  the  dikes  intrude  is  mica  schist, 
which  presents  its  usual  diversities,  caused  by  variation  in  the 
proportion  of  the  essential  ingredients  and  the  presence  of  acces- 
soriea  The  strike  is  northeast  and  the  dip  is  yariablcL  These 
rooks  are  considered  to  be  as  old  as  the  Silurian,  and  Professor 
Hito.hcock  regards  them  as  still  older. 

The  five  dikes  cut  the  schist  almost  at  right  angles  ;  all  are 
nearly  vertical,  and  parallel  to  one  another.  A  brioKe  has  been 
built  across  the  gorge  from  which  all  the  dikes  can  oe  seen  ex- 
cept the  one  directly  under  the  bridge.  From  their  position 
with  reference  t(3  the  schists,  it  is  inferred  that  the  fractures  re- 
sulted from  the  action  of  the  same  forces  acting  in  the  same 
way.  Yet  among  these  five  dikes,  there  are  found  four  veiy 
well  distinjiuished  rock  species.  I  will  describe  these  rocks  in 
the  order  in  which  they  <x;cur,  beginning  with  the  one  highest 
up  the  stream. 

Dike  No.  1,  is  seen  only  upon  the  left  of  the  stream.  It  is 
about  three  feet  wide;  the  rock  is  black  in  color,  compact  and 
apparently  nearly  homogeneous.  The  study  of  some  thin  sec- 
tions indicates  that  it  is  a  diahise.  It  was  originally  a  mixture 
of  au<rite,  a  triclinic  feldspar  and  titanic  iron,  but  all  its  ingre- 
dient*^ are  ])artially  altered.  The*  augite  is  in  process  of 
alteration  into  hornblende;  some  of  it«  grains  being  still  intact, 
some  being  partially  and  others  wholly  altered.  The  feldspar 
is  more  or  less  changed,  but  shows  its  polysyuthetic  character 
throughout  The  titanic  iron  oxide  is  extensively  altered  into 
the  grayish  white  product  that  is  called  leucoxene.  Minute 
apatite  crystals  are  seen  in  the  section.  Calcite,  as  a  dec*omp')- 
aition  pn^duet,  fills  cavities  that  are  apparently  made  by  the  re- 
moval of  some  other  mineral ;  these  cavities  are  also  often  par- 
tially filled  with  analeite,  which  has  a  cubic  cleavage  and  exerts 
a  very  feeble  action  upon  polarized  liglit.  The  analyses  of  all 
the  rocks  described  are  i)laced  together  on  a  subsequent  pajze. 

Dike  No.  2  is  eight  feet  wide     The  rock  is  black  in  color, 

*  Am.  Jour.  Sci.,  I,  vol.  xzxiv,  p.  105. 


O,  W.  Hawes — Eruptive  Rocks  in  New  Hampshire.     149 

and  is  composed  of  a  very  iSne  almost  homogeneous  ground- 
mass,  in  which  small  black  shining  crystals  are  porphyritically 
developed.  The  thin  sections  indicate  that  this  is  diorite.  It 
is  a  mixture  of  hornblende,  a  triclinic  feldspar,  and  titanic  iron 
oxide.  The  large  crystals  are  of  hornblende;  it  is  here  an 
original  product,  and  has  not  resulted  from  the  alteration  of 
pyroxene,  as  in  the  last  case,  since  its  well-formed  crvsials  are 
developed  in  the  common  hornblendic  forms.  Many  of  them 
are  twin  crystals,  the  twinning  plane  being  as  usual  parallel  to 
the  orthopinacoid.  Both  the  large  porphyritic  crystals  and  the 
small  ones  in  the  ground-mass  are  fresh  and  unaltered.  The 
feldspar  is  in  part  fresh  and  in  part  somewhat  altered.  The 
basic  nature  of  this  rock,  as  of  the  last,  indicates  that  the  feld- 
spar is  a  variety  low  in  silica,  but  its  species  can  not  be  deter- 
mined by  optical  means.  The  iron  oxide  is  quite  abundant, 
and  in  part  well  crystallized.  Sometimes  a  large  opa(|ue 
hexagonal  section  is  met  with  which  is  probably  menaccanite. 
The  rock  contains  a  little  apatite.  Calcite,  some  zeolitic, 
mineral  of  an  undetermined  species  and  a  little  chlorite  exist 
as  decomposition  products. 

Dike  No.  3  is  ten  feet  wide,  and  is  filled  with  a  massive  rock 
fine  in  texture  and  white  or  grayish  in  color.  When  a  section 
cut  from  a  white  specimen  is  examined,  the  rock  is  seen  to  be 
composed  largely  of  small,  quite  well  defined  orthoclase  crystals. 
The  meeting  of  these  forms  angular  corners,  that  are  for  the 
most  part  filled  with  lime  and  iron  carbonates  and  chlorite, 
though  some  are  filled  with  quartz.  In  sections  from  the 
darker  specimens  it  becomes  evident  that  the  aggregate  in  the 
angles  is  a  decomposition  product,  for  remnants  of  a  dichroic 
green  mineral,  which  is  probably  hornblende,  are  left  thera  It 
contains  in  addition  some  magnetite  and  some  specimens  show 
a  little  pyrite.  The  rock  is  a  very  fine  grained  syenite  similar 
to  those  which  occur  in  difi^erent  parts  of  the  State. 

Dike  No.  4  is  about  a  hundrea  feet  from  No.  3  but  is  iden- 
tical with  it  in  all  respects.  Dike  No.  3  separates  into  two 
branches  in  the  middle  of  the  stream,  and  forms  two  dikes  in 
an  island  there  situated,  and  it  is  not  improbable  that  No.  4 
may  unite  with  it  at  some  point 

Dike  No.  5  is  about  seventy -five  feet  from  No.  4.  It  is  very 
narrow,  being  only  about  a  foot  wide,  but  it  has  several 
branches  as  wide  as  itself  which  unite  with  it  at  acute  angles. 
This  ngain  like  No.  2  is  composed  of  a  fine  grained  ground- 
mass  in  which  larger  crystals  are  developed,  but  when  the  sec- 
tions are  examined  it  is  found  to  be  an  olivine  diabase.  The 
porphyritic  crystals  are  in  part  perfectly  formed  augite  crystals, 
and  in  part  well  formed  olivme  crystals  which  are  mostly 
changed  to  serpentine.     The  finer  portion  of  the  rock  is  com- 
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posed  of  augite,  a  triclinic  feldspar,  titanic  iron  and  miaate 
Drown  dichroic  crystals  of  hornblende.  Some  small  amjedt* 
loidal  cavities  were  observed  containing  sphaorosiderite,  calcite 
and  analcite. 

In  these  five  closely  adjoining  dikes  there  are,  therefore,  foor 
very  different  kinds  of  rocks.  Selecting  specimens  as  freali  as 
possible  from  the  different  dikes  I  analyzed  them  with  the  fol- 
lowing resnlts : — 
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58-25 

Alumina 

13-26 

14*06 

15  36 

18-22 

Iron  seBquioxide 

319 

2-72 

3-27 

107 

Iron  protoxide 

9-92 

8*34 

9-89 

5-96 

Manganese  protoxide 

•27 

•15 

•25 

-10 

Titanium  dioxide 

3-95 

2-86 

4-16 

<r. 

Lime 

8-86 

11-47 

9-47 

1-51 

Magnesia 

7-31 

072 

5-01 

^. 

Soda 

2-49 

1-89 

5-15 

4-10 

Potash 

3  32 

1-43 

•19 

550 

Carbon  dioxide 

6-20 

1-62 

2-47 

4-75 

Water 

1-35 

2-74 

3-29 

•85 

,1 


1 


100*75  99-26         100-44         100-49 

Though  I  have  mentioned  the  existence  of  decomposition 
products,  they  are  present  only  in  minute  quantities;  and  as  ia 
these  very  compact  rocks  the  new  compounds  must  have  been 
formed  from  the  old,  I  think  the  above  analyses  represent  v«y 
nearly  the  original  composition  of  the  rocks,  with,  however,  the 
addition  of  the  water  and  the  carbon  dioxide. 

Between  the  light  and  dark  colored  rocks  there  is  a  wido  i 
difference,  which  indicates  that  the  reservoirs  from  which  they 
were  ejected  contained  fused  material  of  ver^  different  composi- 
tions. I'he  black  rocks  are  nearly  alike  in  composition,  bat 
their  differences  are  such  as  might  account  for  the  variation  in 
mineral  constituents.  The  quantivalent  proportion  of  theses* 
quioxides  to  the  protoxides  is  considerably  nigher  in  the  dio- 
rite than  in  the  diabases,  and  this  is  a  condition  favorable  to 
the  formation  of  diorites,  as  shown  by  the  higher  percentage  of 
alumina  usually  found  in  the  hornblende  of  eruptive  rocks. 
The  larger  percentage  of  magnesia  may  have  favorea  the  ft>rma' 
tion  of  olivine  in  one  diabase  and  not  in  the  other.  But  the 
presence  of  compact  and  porphyritic  materials  in  different  dikes, 
though  of  nearly  the  same  composition,  indicates  different  con- 
ditions of  cooling  and  crystallization,  and  these  may  also  have 
been  a  cause  of  the  mineral  distinctions. 

In  the  adjoining  Connecticut  Valley  the  red  sandstones  are 
cut  by  numerous  dikes.    Many  of  these  rocks  and  others  geo* 


TT.  JK  Fontaine — Mesozoic  Strata  of  Virginta.         151 

\j  related  have  been  microscopically  examined  by  E.  S. 
and  some  were  analyzed  by  myself  f  It  was  shown 
sse  large  dikes  which  are  so  characteristic  of  the  Mes«)zoic 
idstones  of  this  coast  are,  wherever  found,  essentially 
a  in  composition  and  mineral  constituents.  They  are 
mds  of  labradorite,  augite  and  magnetite,  and  vary  only 
sxtent  of  their  alteration.  Professor  Dana  has  concluded 
his  uniformity  and  their  wide  distribution  over  the  At- 
ilope  from  Nova  Scotia  to  North  Carolina,  that  the  dikes 

0  pmfound  depths. 

most  probable  that  the  large  and  small  dikes  that  are  so 
>n  among  the  crystalline  rocks  of  New  Hampshire,  occupy 

1  which  were  made  during  the  elevation  of  the  mountaina 
process  of  elevation,  variable  conditions  must  have  been 
iced  in  the  strata  at  different  places  and  times,  on  account 
conversion  of  mechanical  work  into  heat,  as  has  been 
by  Mallet  and  others,  and  this  would  have  modified  the 
at  which  fused  materials  would  be  found  beneath  the 
.  If  partial  crystallization  took  place  before  eruption,  as 
sase  of  many  modern  volcanic  rocks,  very  variaole  con- 
might  also  have  been  introduced  at  different  times  for 

olidification.  The  Mesozoic  sandstones  referred  to  do 
:^upy  a  position  that  indicates  a  great  strain  upon  the 
crust  at  the  time  of  fracture,  but  are  found  in  areas  of 
subsidence,  and  the  uniformity  in  the  dikes  that  charac- 
these  regions,  when  compared  with  the  diversity  in  the 
»f  the  mountain  region  of  New  Hampshire,  is  as  striking 
e  contrast  in  the  geological  features  of  these  two  areas  of 
>n.  A  sinking  of  the  earth's  crust  might  result  in  pro- 
fractures  which  would  reach  to  the  homogeneous  zone 
b  the  sedimentary  formation.  The  crushing  attendant 
jlevation  might  fuse  sedimentary  deposits  at  various 
and  produce  fissures  that  would  be  filled  with  the 
iversified  material. 


XIX. — Notes  on  the  Mesozoic  Strata  of  Virginia ;  by 

Wm.  M.  Fontaine. 

[Continued  from  page  39.] 

wer  Area, — This,  the  northern  portion  of  the  Richmond 
lows  considerable  differences  from  the  Richmond  coal 
The  structure  is  not  that  of  a  basin,  but  it  contains  one 
e  broad  anticlinals,  the  beds  on  the  west  side  dipping 
est  against  the  Azoic,  and  on  the  east  passing  with  a 
\ai  and  east  dip  under  the  Tertiary.  We  have  here  also 
ies.     The  lower  has  the  general  character  of  the  lower 

♦  This  Joum.,  Ill,  viu,  390.  f  ^^^  HIi  **»  ^^^' 
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series  of  the  Bichmond  Coal  field.  It  has  no  workable  ooil,  ' 
and  only  a  few  thin  and  impure  layers,  at  most,  an  inch  or  two 
in  thickness.  Plants  occur,  some  of  the  species  found  in  the 
Richmond  coal  field  being  discovered  here  also,  with  other, 
somewhat  later  types.  Taken  as  a  whole,  this  part  of  the  belt 
contains,  as  Rogers  long  ago  showed,  strata  somewhat  yoaDcer 
than  those  of  the  productive  portion  of  the  belt  lying  farther 
south.  Much  of  the  vegetable  matter  seems  to  have  been 
drifted  into  its  present  position.  I  observed  a  very  curiooi 
patch  of  coal,  very  locally  deposited,  which  seems  formed 
entirely  of  the  epidermal  tissue  of  leaves,  which  have  been 
drifted  together  and  packed  closely  in  layers.  These  leaves 
seem  to  have  been  principally  those  of  Afacrotueniopteris  maatti' 
folia.  The  upper  series  also  presents  a  general  character  like 
that  of  the  upper  series  of  the  Richmond  coal  field,  but  some 
of  the  peculiar  features  found  in  that  field  are  here  much  more 
exaggerated.  The  exposures  are  very  poor*  and  it  is  very  dif- 
ficult to  make  accurate  examinations.  The  greater  portion  of 
this  series  is  composed  of  sandstones  with  subordiDate  beds  of 
shale.  The  sandstones  of  the  uppermost  portions,  especially 
those  found  in  the  northern  extremity  of  the  tract,  are  remark- 
able for  the  unsorted  and  undecomposed  character  of  the  mate- 
rial composing  them.  This  material  is  a  mixture  of  quartz, 
pinkish  feldspar  and  dark  mica,  easily  recognized  as  coming 
iroin  certiiin  granitoid  gneisses,  which  are  found  in  force  along 
the  southwestern  side  of  the  area.  On  compression,  this  mate- 
rial forms  a  rock  closely  like  the  original  gneiss.  On  the 
northwestern  edge  of  the  area,  along  the  North  Anna  River, 
this  finer  matter  has  associated  with  it  large,  partly  rounded 
stones,  comintr  from  the  same  granitoid  gneiss.  On  this  stream 
the  stones  make  up  the  greater  part  of  the  mass.  They  are 
imbedded  in  a  matrix  of  the  ab<^ve  mentioned  finer  material 
The  stones  are  often  quite  fresh,  and  sometimes  of  very  lar« 
size.  I  saw  one  granite  bowlder  ten  feet  through,  and  not  fully 
exposed.  Many  are  two,  three,  and  four  feet  in  diameter.  I 
am  not  able  to  say  what  connection,  if  any?  these  stones  have 
with  the  bowlders  of  the  interior  belts,  'f  hey  were  deposited 
before  the  cessation  of  the  emission  of  igneous  matter,  as  they 
are  penetrated  by  several  trap  dykes.  They  form  certainly 
the  youngest  beds  of  the  series.  The  dip  is  very  obscure,  but 
appears  to  be  to  the  northwest  When  these  beds  are  traced 
to  the  eastern  side  of  the  area,  where  they  pass  under  the  Tcr 
tinry,  we  find  that  the  number  and  size  of  the  stones  greatly 
decreases.  The  beds  now  take  in  fragments  of  the  shale,  and 
other  strata  of  the  low^r  series,  which  feature  is  never  seen  on 
the  western  side.  This  of  course  should  be  the  case,  if  the 
eroding  force  acted  from  the  west  and  southwest     These  upper- 
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most  beds  pass,  as  it  appears,  up  into  the  strata  which  occupy 
the  border  belts,  and  which  here  overlap,  as  stated  before,  this 
area.  I  have  not  seen  any  similar  beds  of  stones,  on  the  west 
side  of  the  Richmond  Coal  field,  and  do  not  think  that  they 
exist  there,  though  my  observations  are  not  extensive  enough 
to  decide  the  question  positively.  The  lower  and  middle  por- 
tions of  the  series  are  much  like  the  upper  series  of  the  Rich* 
mood  Goal  field.  They  contain  some  thin  films  of  coal,  and 
some  plants,  too  poorly  preserved  to  be  of  much  value  in  deter- 
mining age,  though  so  far  as  their  evidence  is  to  be  taken,  the 
series  is  certainly  younger  than  the  Richmond  coal-bearing 
strata.  A  lar^e  amount  of  drifted  vegetation,  principally 
trunks  and  limos  of  coniferous  trees,  now  changed  to  lignite,  or 
silicified,  is  found  especially  in  the  upper  beds.  The  amount 
heaped  up  at  certain  horizons,  is  sufficient  to  give  the  appear- 
ance of  small,  locally  developed  coal  seams. 

ITke  Fredericksburg  Belt — In  this,  also,  we  may  recognize  two 
series,  a  lower,  about  160  feet  thick,  and  an  upper,  still  thicker. 
Both  vary  so  much  in  the  composition  and  structure  of  the 
beds,  that  it  is  difiicult  to  give  any  correct  idea  of  them  with- 
out going  into  details,  which  would  require  too  much  spaca 
The  lower  series,  however,  is  more  constant  in  composition, 
and  may  be  generally  recognized  by  its  physical  features, 
which  is  not  the  case  with  the  upper.  It  is  composed  mainly 
of  a  curious  sort  of  sandstone  (Rogers'  feldspathic  sandstone) 
which  possesses  very  little  coherence.  This  is  due  to  the  fact 
that  it  IS  mainly  composed  of  grains  of  sand,  usually  fine,  sur- 
rounded by  a  non-plastic  white  earth,  resembling  kaolin.  This 
is  a  composition  which  indicates  that  the  sorting  action  of  water 
has  not  oeen  brought  into  play.  This  is  farther  indicated  by 
the  structure  of  the  mass,  which  is  usually  affected  with  false 
bedding,  and  often  resembles  a  mass  of  agglutinated  sand.     The 

? lanes  of  the  false  bedding  are  ver^  short,  and  shift  rapidly. 
*be  strata  lie  nearly  horizontal,  inclining  slightly  to  the  south- 
east Small  stones  are  often  scattered  through  the  mass,  and 
beds,  nests,  or  pockets,  of  larger  stones,  occur  at  different 
horizons.  These  stones  are  sometimes  four  to  six  inches  in 
diameter.  All  the  stones  are  either  quartz,  which  is  most 
abundant,  or  Potsdam  quartzite.  The  lower  portion  is,  on 
the  whole,  more  siliceous  and  coarser.  The  upper  part  is 
often  a  fine-grained  powdery  mixture,  of  siliceous  matter  and 
kaolin,  which  shows  very  sudden  changes  of  texture  and  a 
oomplicated  cross-bedding.  This  material  is  very  significant, 
as  there  is  no  rock  in  the  Azoic  of  the  adjacent  country  which 
oould  by  its  erosion  yield  it  The  Azoic  rocks  to  the  west 
and  northwest  are  mica  slates,  argillites,  etc.,  which  in  decom- 
posing yield  yellow,  reddish,  and  bluish  clays,  and  yellowish  or 
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reddish  sand.  From  the  character  of  the  finer  matter,  a 
its  contained  fragments,  it  is  clear  that  much  of  it  was  d( 
from  the  Potsdam  strata,  on  the  west  of  the  Blae  Bidge 
I  shall  have  frequent  occasion  to  refer  to  this  Potsdam  ma 
a  brief  description  of  the  occurrence  and  character  of  the  ] 
rocks  will  be  required. 

In  my  article  on  the  '*  Primordial  Strata  of  Virginia,' 
lished  in  the  May  and  June  numbers  of  this  Journal  for 
I  gave  some  account  of  certain  varieties  of  the  Potsdam  i 
which  occur  in  great  force  near  Bnckfish  Gap,  on  the 
waters  of  South  River,  a  branch  of  the  Shenandoah  Bive 
at  the  entrance  of  the  goige  cut  by  James  River,  at  6a 
Falls,  where  it  crosses  the  Blue  Ridg&  They  also  ar 
posed  along  the  entire  lower  course  of  the  Shenandoah,  a 
the  Potomac,  a  short  distance  above  Harper's  Feriy.  A 
latter  place  also,  they  are  much  crushed  and  fractured, 
rocks,  at  these  points,  are  much  shattered,  and  lie  in  their  or 
beds  so  loosely,  that  they  may  be  removed  with  a  pick, 
most  notable  oi  these  rocks  are  compact,  vitreous  qoartziu 
peculiar  sandstones,  which  have  the  grains  of  sand  imb 
m  a  white,  non-plastic,  argillaceous  matter,  like  kaolin, 
latter  graduate,  by  loss  of  quartz  grains,  into  shales  or  sU 
a  white  color,  composed  of  the  non-plastic  matter.  A 
strikingly  white  and  void  of  ferruginous  matter.  It  is 
these  strata  that  the  Potsdam  material  comes,  which  is  sea 
so  abundantly  over  portions  of  the  eastern  border  of  the  At 
slope,  and  this  appears  to  be  the  source  of  the  precisely  s 
white  matter,  which  forms  the  finer  material,  of  the  lower 
of  the  Fredericksburg  Belt  As  nothing  like  it  is  found  a 
the  Azoic  strata,  fragments  of  this  material  may  easi 
recognized  when  found  east  of  the  Blue  Ridge.  Indeed 
are  as  well  characterized  as  fossila  Were  there  any 
attending  the  assigning  the  source  of  these  stones,  from  ] 
cal  evidence  alone,  to  the  Potsdam,  it  would  be  put  at  re 
finding,  as  we  often  do,  the  well-known  marks  of  &i 
linearis  in  these  erratics.  This  lower  series  is  best  expos 
the  town  of  Fredericksburg,  where  it,  in  its  more  col 
portions,  yields  a  building  stone,  which  was  formerly 
to  a  consiaerable  extent 

The  lower  series  passes  up  into  a  higher  system  of  beds 
stituting  the  upper  series,  which  is  marked  by  a  smalle 
portion  of  the  white  incoherent  beds,  so  characteristic  c 
lower,  and  by  a  predominance  of  clays  of  reddish,  yelk 
and  bluish  colors,  and  of  reddish  and  yellowish  sands.  ' 
clays  and  sands  increase  in  amount  as  we  follow  the  belt  i 
ward.  Near  Alexandria,  between  Washington  and  Baiti 
and  near  the  latter  city,  they  constitute  the  whole  of  the 
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B&  The  material  of  these  beds  comes  from  the  decay  of 
Azoic  on  the  west  These  clays  and  sands  also  are  very 
^larly  bedded.  The  sands  especially,  are  much  affected 
cross  bedding.  From  Alexandria  northward  the  lower 
es  is  rarely  seen,  bein^  too  deeply  buried.  At  Baltimore 
ppears  in  the  lowest  white  clays  and  sands  du^  in  the  base 
the  hills.  Toward  the  close  of  the  formation  of  these  strata 
f  were  invaded  by  some  agent  which  planed  them  off,  or 
led  them  more  or  less  deeply  into  channels,  and  brought 
ig  with  it  quantities  of  sand,  gravel,  large  rounded  stones 
slightly  worn  blocks,  often  of  very  large  size.  This  mate- 
was  deposited  in  a  confused  manner,  and  is  usually  very 
erent  from  the  beds  on  which  it  reposea  This  agent  seems 
lave  acted  from  the  northwest  From  Fredericksburg  to 
Potomac,  the  gravel  and  rounded  stones  are  composed  of 
rtz,  Potsilam  quartzite,  and  sandstone.  In  the  vicinity 
Uexandria,  Potsdam  bowlders  predominate  over  the  quartz, 
nr  are  commonly  six  or  eight  inches  in  diameter,  and  often 
jn  the  dimensions  of  one  and  two  feet,  showing  frequently 
EtiAutf  markings.  They  are  found  over  the  surface  of  the 
K^oic  here,  five  or  six  miles  from  the  Potomac  and  up  to 
Azoic  border,  often  forming  belts  of  stones  packed  in  com- 
lUted  Potsdam  matter.  Throughout  the  entire  belt,  the 
[e,  slightly  worn  blocks,  are  composed  of  crystalline  rocks, 
n  varying  distances  to  the  west  and  northwest,  all  the  way 
;he  Blue  Ridge.  These  are  not  rarely  four  or  five  feet  in 
neter,  and  sometimes  six  or  seven  feet  Near  Fredericks- 
g,  we  may  see  large  stones  formed  of  the  characteristic 
lotic  and  chloritic  schists,  composing  the  Blue  Bidge  on  the 
t  Near  Alexandria,  large,  slightly  worn  masses,  having  a 
neter  of  four  or  five  feet,  are  found  of  the  peculiar  siliceous 
chloritic  schists  composing  the  Blue  Ridge  at  Harper's 
ry,  along  with  gneiss  and  mica  schist  from  nearer  localities. 
rth  of  the  Potomac,  over  the  lignitic  and  iron-ore  clays, 
ween  Washington  and  Baltimore,  which  belong  to  the  upper 
es,  I  did  not  see  any  Potsdam  materiaL  The  rounded 
aes  and  gravel  are  quartz,  but  the  Azoic  erratics  abound. 
3  iron-ore  clays  near  the  Relay  House  have  been  deeply 
red,  and  the  excavations  fillea  with  coarse  sand,  gravel, 
sses  of  the  iron -ore,  and  Azoic  erratics.  But  this  action 
s  not  seem  to  have  been  confined,  in  all  places,  to  the 
>er  portion  of  the  seriea  Near  Neabsco  Station,  on  the 
dencksburg  and  Alexandria  Railroad,  I  found  near  the 
)ic  floor,  and  under  a  very  considerable  thickness  of  the 
►er  sands  and  clays,  a  heterogeneous  mass  of  angular  Azoic 
ter  in  large  blocts  mixed  with  worn  and  rounded  stones,  of 
rtz  and  Potsdam  sandstone,  imbedded  in  blue  clay.     This 
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drift  matter,  by  the  eroding  and  sorting  action  of  the  streams 
which  cross  it  and  pass  into  the  Tertiary  or  Cretaceous  areas, 
has  been  carried  over  to  a  distance,  greater  or  less  according  to 
the  particular  conditions,  on  the  surface  of  the  more  recent 
strata.  It  has  bv  the  same  action  been  concentrated  near  the 
streams.  Also  in  the  space  between  these  rivers,  surface 
erosion  and  other  causes  have  caused  it  to  pass  over  a  short 
distance  on  the  newer  beds,  but  it  soon  disappears  within  the 
areas  occupied  by  such  beds.  In  Virginia  we  have  no  means 
of  determining  whether  the  drift  follows  the  surface  of  the 
upper  series  as  it  passes  eastward  under  the  Tertiary,  but  in 
Maryland  it  evidently  passes  eastward  under  the  CretaceoaSi 
Thus  the  wells  bored  to  the  southeast  of  Baltimore  penetrate  it 
on  entering  the  clays  and  sands  of  the  upper  series.  I  have 
carefully  examined  the  Maryland  Reports  for  information  on  this 
head,  and  find  that  they  give  evidence  that  this  bowlder  deposit 
passes  as  far  to  the  southeast  as  its  horizon  has  been  reached. 

Fossil  Plants. — These  can  be  only  briefly  noticed.  I  have 
found  a  large  number  of  well  preserved  plants  at  Fredericks- 
burg in  the  lower  seriea  They  occur  in  a  gray  clay  or8haIe» 
which  rests  on  a  bed  of  cobble-stones.  I  owe  tte  discovery  of 
the  deposit  to  Professor  P.  R  Uhler,  President  of  the  Maryland 
Academy  of  Sciences.  The  material  which  imbeds  the  plants 
is  not  laminated,  and  the  plants  all  seem  to  have  been  drifted. 
Considering  their  mode  of  occurrence,  the  small  amount  of  change 
exhibited  by  some  of  them  is  wonderful.  As  the  deposit  is  very 
local,  it  has  hitherto  escaped  attention  almost  entirely.  Many  of 
the  plants  retain  their  entire  structure,  and  are  only  colored 
brown.  I  have  some  which  seem  still  topossess  their  chforophylll 
They  have  a  decidedly  green  color.  Tliey  are  principally  Con- 
ifers, Cycads  and  Ferns.  No  species  of  the  Richmond  Coal  field 
are  found  here,  but  a  few  show  affinities  with  Rhaetic  plants. 
With  the  plants  above  named,  I  find  certain  netted-vemed 
leaves,  which  by  their  nervation  cannot  be  distinguished  from 
Angiosperms.  Had  they  been  found  with  Cretaceous  or  Ter 
tiary  plants  I  think  no  one  would  hesitate  to  consider  them  as 
sucii.  As,  however,  they  occur  with  a  well  marked  Upper 
Jurassic  flora,  I  hesitate  to  pronounce  them  to  be  AngiosfJer- 
mous  plants,  without  a  more  careful  study  and  extended  com- 
parison, than  I  have  as  vet  been  able  to  make.  They  are  cer- 
tainly not  "Dictyophyllum,"  which  is  the  genus  of  fossil  ferns 
that  stands  nearest  to  them.  But  when  we  find  such  a  develop- 
ment of  undoubted  Angiosperms  in  the  lowest  Cretaceous  beos 
of  New  Jersey  and  of  the  west,  we  should  expect  to  find,  at 
least,  their  ancestors  in  the  Jurassic  flora. 

This  flora,  as  a  whole,  is  decidedly  younger  than  that  of  the 
Richmond  Coal  field.     Its  rather  complex  type  will  require  a 
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careful  study  to  fix  the  age,  but  from  my  preliminary  examin- 
ation, I  conclude  that  it  is  nearly  of  the  age  of  the  Upper  Oolite 
of  England,  an  age  long  ago  assigned  by  Rogers  to  these  beds. 
The  general  facies  is  much  like  that  of  the  flora  of  Sutherland 
in  Scotland,  figured  in  part  by  Hugh  Miller  in  his  "Testimony 
of  the  Rocks,"  which  he  considered  as  being  partly  Liassic,  but 
which  Mr.  Judd  shows  to  be  all  Upper  Oolite  in  age.  R.  C.  Taylor 
found  at  another  locality  near  Fredericksburg,  but  on  the  same 
horizon  with  mine,  a  few  plants  which  he  figured  and  described, 
in  a  communication  published  in  the  Trans.  Geol.  Soc.  Penn., 
voL  i,  1835.     These  plants  he  considered  to  be  Oolite  in  aga 

In  the  upper  series  at  Fredericksburg  I  have  found,  in  a 
state  of  preservation  permitting  determination,  only  a  few  twigs 
of  Conifers  with  leaves.  But  this  series,  both  here  and  to  the 
northward,  is  remarkable  for  the  great  quantity  of  lignite  and 
jet  which  it  contains,  produced  from  the  trunks  and  limbs  of 
coniferous  trees.  The  most  abundant  tree  seems  to  have  had 
a  wood  very  like  that  of  the  white  pine  (Pintts  strobus).  To 
judge  from  the  amount  of  this  lignite  in  the  upper  series  of  the 
belt,  the  country  must  have  been  covered  with  extensive 
forests  of  coniferous  trees,  at  the  time  of  the  formation  of 
the  beds  composing  it  The  trunks  are  sometimes  piled  so 
thickly  over  each  other  that  they  produce  the  appearance  of 
a  prostrate  forest.  Near  Neabsco  Station  we  find  such  a  state 
oi  things.  The  trunks  are  here  flattened  and  imbedded  in  a 
blue  clay.  Great  quantities  of  lignite  occur  in  the  clays  of  the 
upper  series,  especially  the  clays  which  Mr.  Tyson  calls  "  iron- 
ore  clays,"  which  are  found  between  Washington  and  Baltimore. 
In  these  clays,  stumps  of  Cycads,  belonging  to  at  least  two  new 
species  of  the  genus  Cycadoidea^  are  found.  The  blue  clays  at 
Baltimore  yield  some  beautiful  ferns  of  Wealden  type.  All 
the  attainable  evidence  points  strongly  to  the  conclusion  that 
the  age  of  these  upper  beds  is  Wealden.  Professor  Rogers 
mentions  that  they  yield  at  Fredericksburg  two  or  three  spe- 
cies of  ferns  and  stumps  of  Cycads  of  the  genus  Oycadoidea. 
None  of  these  have  been  seen  by  me.  What  the  relation  of 
these  beds  is  to  the  lower  clays  of  New  Jersey  with  Angiosper- 
mous  leaves,  is  not  known,  though,  no  doubt  the  New  Jersey 
beds  are  somewhat  younger. 

Professor  Wm.  B.  Rogers  has  long  held  the  opinion  that 
these  upper  beds  are  Wealden  in  age.  This  is  also  the  opinion 
of  Protessor  P.  R.  Uhler.  Mr.  P.  T.  Tyson  also  held  a  similar 
belief  which  he  based  not  only  on  the  plants,  but  on  certain 
fresh-water  shells  (Unios?)  which  resemble  Wealden  species. 
The  beds  in  question,  however,  seem  to  be  by  all  others  con- 
sidered as  Lower  Cretaceous,  as  it  would  appear,  solely  from 
their  underlying  known  Cretaceous  marine  strata. 

[To  be  continued.] 

Am.  Joi7B.  8oi.— Third  Sbribs,  Vol.  XYII,  No.98.— Fsb.,  1879. 

11 


158         C.  0,  Rock  wood — Recent  American  Earthquakes. 


Art.  XXL — Notices  of  Recent  American  Earthquakes.    N( 
by  Professor  C.  G.  Kockwood,  Jr.,  College  of  New  Jera 

In  tliese  notices,  as  heretofore,  those  based  upon  singk  d 
paper  notices  and  which  could  not  be  otherwise  verified 
printed  in  smaller  type  and  the  source  of  the  informatii 
indicated. 

For  information  received,  I  am  again  indebted  to  J 
Batchelder,  Esq.,  of  Boston,  who  has  kindly  given  me  the  be 
of  his  lists ;  and  to  the  U.  S.  Monthly  Weather  Review. 

1877.— July  18.  From  Coban,  a  place  in  the  central  m 
Gautemala,  east  of  the  mountains,  there  were  reported  tnii 
or  fourteen  shocks  at  5.15  A.  M.,  the  direction  K  to  W.— (1 
Weather  Rev.) 

From  the  same  place  are  the  following  four. 

July  20.     At  10.05  A.  M.  two  slight  shocks,  R  to  W. 

July  27.     At  8  P.  M.  a  slight  shock,  lasting  a  few  seeonc 

Aug.  27.     At  11.35  A.  M.  three  shocks  from  the  north. 

Sept.  10.  At  10.45  a.  m.  two  shocks,  lasting  seven  seo 
and  sufficiently  strong  to  sway  the  fagade  of  the  church. 

Sept.  10.  A  slight  shock  felt  about  2  A.  M.  at  Cambr 
Mass.  Eight  hours  later  the  shock  occurred  along  the  1 
ware  River,  already  noted.  III,  xv,  p.  25. 

Nov.  16.  The  shock  about  2.30  A.  M.  at  Knoxville,  T 
jis  noticed,  III,  xv,  p.  27,  was  from  S.  W.  to  N. ;  and  was 
also  at  Murphy,  N.  C,  where  the  direction  was  W.  to  E 
the  duration  fifteen  seconds. 

Nov.  21.  At  Coban,  Gautemala,  at  10.16  A.  M.  two  vei 
shocks,  and  at  10.37  P.  M.  a  number  of  small  shocks  la 
forty  seconds. 

Nov.  24.  At  Red  Bluff,  Cal.,  two  shocks  at  6.30  and 
A.  M.,  the  first  lasting  twenty  seconds,  and  being  from  E.  U 
This  was  felt  also  at  San  Francisco. 

Nov.  26.  At  Coban,  Gautemala,  at  9.57  a.  m.  a  few  vei 
shocks  lasting  twenty  seconds. 

Dec.  14.  A  strong  shock  at  7.15  p.  m.  in  Callao,  Peru,  tb 
dulation  being  from  r^.  to  S. — (N.  Y.  Times.) 

Dec.  18.  At  Beachburg,  Ont,  two  shocks,  the  first  bet 
1  and  2  A.  M.,  the  second  between  5  and  6  a.  M.  and  quite  se 

1878. — Jan.  2.  A  slight  shock  about  7  P.  M.  in  Louisa 
Hanover  Counties,  Va.,  accompanied  by  a  roaring  sound. 

Jan.  8.     Two  slight  shocks  at  10.30  P.  M.  at  Cairo,  Dl. 

Jan.  23.  At  7.55  p.  m.  a  strong  shock,  lasting  thirty  sec< 
occurred  on  the  southern  coast  of  Peru.  It  was  sevei 
Iquique  and   Arica,  and  was  accompanied  by  a  subterra 
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sound  ;  but  it  was  most  destructive  in  the  interior,  where  some 
houses  were  shaken  down.  But  little  damage  was  done  on  the 
coast;  the  sea  was  comparatively  quiet  and  there  was  no  tidal 
wave. 

At  Iquique  lighter  shocks  followed  with  short  intervals  dur- 
the  24tn  and  25th,  over  foi-ty  distinct  shocks  being  counted, 
second  heavy  shock  occurred  at  8.30  P.  M.  of  the  24th. 
r  Jan.  27.     The  harbor  of  Callao  was  greatly  disturbed  by  a 
ies  of  tidal  waves.     The  heavy  surf  began  about  8.30  a.  m. 
continued  during  the  day,  causing  great  damage  to  the 
»ks  and  sea-wall,  inundating  the  English  railroad  station  and 
dting  in  some  loss  of  life.     The  movement  came  from  the 

[Jfeb.  5.     A  shock  at  11.20  a.  m.  at  Flushing,  N.  Y.,  sufficient  to 
windows. — (U.  S.  Weather  Rev.) 
^eb.  26. — A  shock  at  11.56  a.  m.  at  San  Francisco  consisting  of 
vibrations  N.  to  S.,  lasting  five  seconds. — (U.  S.  Weather 

I'eb.  27.     A  severe  earthquake  occurred  at  5  p.  M.  at  Reyk- 

and  other  places  in  the  southwest  part  of  Iceland.     It  was 

[Dected  with  a  volcanic  eruption  which  began  the  same  night 

continued  for  more  than  a  month.     The  new  volcanic  open- 

fourteen  in  number,  were  situated  in  the  Raudaskal  valley, 

it  four  miles  northeast  of  Mt  Hekla. 

[arch  12.     At  4  a.  m.  a  severe  shock  at  Columbus,  Ky., 
dng  the  fall  of  a  portion  of  the  bank  of  the  Mississippi. 

.     The  same  day  two  shocks  at  Milford,  Vt. — (U.  S. 

kther  Rev.) 

[arch  17.     Two  sharp  shocks  at  St.  Thomas,  Lower  California. 
T,  S.  Weather  Rev.) 

[arch  18.     A  slight  shock  at  6.30  a.  m.  at  Tacoma,  Washington 
r.— (U.  S.  Weather  Rev.) 

April  — .  **  In  the  early  part  of  the  month,"  an  earthquake 
occurred  at  Manizales,  United  States  gf  Columbia,  overthrowing 
a  church  tower. 

April  12.  About  8.40  p.  M.  a  destructive  earthquake  occurred 
at  Cua  in  Venezuela.  This  was  a  town  of  about  3,000  inhab- 
itants, situated  on  the  River  Tuy,  in  N.  lat.  10°  8'  15"  and  W. 
long.  66°  55'  from  Greenwich,  the  center  of  a  flourishing  agri- 
cultural district.  The  height  above  the  Caribbean  Sea  is  232 
meters.  The  center  of  the  town  is  situated  on  a  small  hill 
about  20  meters  above  the  lower  part.  The  hill  is  composed 
of  gneiss,  micaceous  and  chloritic  schists,  rising  rather  steep 
toward  the  W.S.W.  It  is  surrounded  by  strata  of  clay  and 
marl,  covered  by  a  deep  stratum  of  alluviaJ  soil,  and  resting  on 
dark  limestone  and  argillaceous  schists.     This  upper  town  was 
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destroyed,  being  reduced  to  a  heap  of  ruins  in  less  than  two 
seconds.  About  800  lives  were  lost  and  property  destroyed  to 
the  amount  of  £300,000.  The  lower  town  suffered  very  littla 
The  direction  of  the  shock  was  from  E.  15°  N.  and  the  angle 
of  emergence  was  found  by  A.  Ernst  of  Caracas  to  be  about 
60°.  The  center  could  not  have  been  very  deep,  as  the  destrao- 
tion  was  limited  to  an  area  of  one  square  mile.  The  transvem 
wave  however  was  felt  one  hundrea  miles  distant  and  occuired 
in  Caracas,  distant  in  a  straight  line  twenty-six  English  miloii 
at  8*"  41">  34".  Lighter  shocks  continued  to  be  felt  at  intervali 
up  to  May  4. 

For  the  greater  part  of  the  above  I  am  indebted  to  an  artick 
by  Mr.  Ernst,  in  Nature,  vol.  xviii,  p.  130. 

April  15.  At  Glendive,  Montana,  on  the  Yellowstone  Bi?«r, 
there  were  three  shocks,  following  each  other  at  intervals  of 
half  an  hour. 

April  23.  At  Loreto,  on  the  Gulf  of  California,  a  severe  shock 
of  two  or  three  seconds  at  10  a.  m.  ;  the  first  of  a  series  lastng 
till  May  3.— (U.  S.  Weather  Rev.) 

April  28.  A  severe  shock,  felt  at  Caracas  at  8.30  P.  M.  dfr 
stroyed  a  large  part  of  the  town  of  Ocumare,  about  twenty  mita 
east  of  Cua  and  in  the  same  valley. 

April  29.  Shocks  were  again  felt  at  LaGuayra,  Garacii^ 
Porto  Cabello  and  Valencia,  in  Venezuela. 

May  8.  At  8.25  P.  M.,  a  shock  from  N.  to  S.  and  sufficiently 
violent  to  stop  clocks,  was  felt  in  the  valley  of  the  Sacramento 
Cal.,  from  Red  Bluff  to  Sacramento  City,  and  also  west  of  the 
Coast  Range  in  Mendocino  County. 

May  14.  A  severe  shock  was  felt  at  Guayaquil  about  fi.40 
p.  M.,  preceded  by  a  loud  noise.  There  was  a  less  violent  shock 
at  9  A.  M.  of  the  15th. 

May  15.  A  severe  earthquake  occurred  at  8.35  P.  3£.  rt 
Tacna  and  Arica,  Peru. 

May  21.    A  shock  at  San  Bernardino,  Cal. — (U.  S.  Weather  Rev.) 

June  4.     A  light  shock  at  12.28  P.  M.  at  San  Jos^,  Costa  Bica. 
June  9.     A  strong  shock  at  the  same  place  at  4.34  p.  M. 

June  11.  On  the  night  of  the  1 1th  and  12th,  four  shocks  were 
felt  at  Los  Angeles,  Cal.,  as  follows ;  at  11.12  p.  m.  a  distinct  shock, 
at  1 1.20  p.  M.  a  violent  shock,  duration  five  seconds,  motion  N.W. 
to  S.E. ;  at  2.30  a.  m.  a  light  shock;  and  at  6.30  a.  m.  a  slight 
tremble.— (U.  S.  Weather  Rev.) 

June  14.     A  slight  shock  at  Cimarron,  N.  M. — (U.  S.  Weather 

Rev.) 

July  2.  Two  light  shocks  at  Campo,  Cal.,  at  5'»  65"  30*  (a.  m. 
or  p.  M.  ?)  from  S.E.  to  N.W.  with  a  noise  resembling  thunder.— 
(U.  S.  Weather  Rev.) 
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July  11.     A  severe  shock  at  midnight  at  St  Thomas,  W.  I. 
July  16  and  18.     Two  severe  shocks  in  Hayti. 

July  21.  A  slight  shock  at  5  a.  m.  at  Salt  Lake  City. — (U.  S. 
Weather  Rev.) 

July  26.  A  slight  shock,  direction  north  and  south,  was  felt 
at  8.25  A.  M.  at  Los  Angeles,  Gal.,  and  at  San  Gorgonio,  San 
Bernardino  and  other  places  in  the  mountains  east  of  Los 
Angeles. 

July  27.  At  7.30  p.  m.  a  strong  shock  at  San  Jos^,  Costa 
Kica. 

Aug.  3.  A  severe  earthquake  occurred  at  2.15  P.  M.  in  the 
Island  of  Martinique,  W.  I.  The  vibrations  continued  fifteen 
seconds,  and  in  the  town  of  Diamant  several  buildings  were 
thrown  down. 

Aug.  9,  13,  14,  15,  22,  30.  At  San  Jos^,  Costa  Rica ;  on  9th 
at  4.15  A.  M.  a  feeble  shock;  on  13th  at  7.17  p.m.  a  strong 
shock,  at  11.30  P.  M.  a  feeble  shock ;  on  14th  at  3  A.  M.  and 
12.48  P.  M.  feeble  shocks ;  on  22d  at  10  P.  M.  a  strong  shock  ; 
on  80th  at  0.23  a.  M.  a  feeble  shock.  At  Cartago,  twelve  miles 
east  of  San  Jos6,  five  shocks  occurred  from  7  P.  M  of  the  14th 
to  5  a.  M.  of  the  15th. 

Aug.  29.  Letters  from  Alaska,  dated  Sept  1,  state  that 
frequent  shocks  had  occurred  during  the  summer,  in  connection 
with  renewed  activity  of  the  volcanoes  of  the  Aleutian  Islands. 
On  Aug.  29,  the  village  of  Makuslin  on  Unalaska  Island  was 
destroyed  by  earthquake  shocks  and  tidal  waves. 

Sept.  7.  Three  shocks  from  west  to  east  at  San  Francisco 
about  9.35  a.  m. — (U.  S.  Weather  Rev.) 

Sept.  24,  29.  At  San  Jos6,  Costa  Rica,  feeble  shocks  at  5 
A.  M.  and  6.55  p.  m.  of  24th,  and  at  7.45  A.  M.  and  7.15  P.  M.  of 
29th. 

Sept  29th  A  shock  about  6  P.  M.  at  San  Francisco  and 
Oakland,  Cal.,  from  N.E.  to  S.W. 

Oct  2.  At  6  p.  M.  a  severe  earthquake  occurred  in  the 
southern  part  of  San  Salvador,  Central  America.  The  village 
of  Jacuapa  was  nearly  destroyed  and  much  damage  was  done 
in  neighooring  places.  The  movement  lasted  over  forty  sec- 
onds and  was  from  southwest  to  northeast  Eruptions  were 
feared  from  the  neighboring  volcanoes,  and  advices  a  few  days 
later  report  great  activity  in  the  volcanoes  Izalco  and  Santa  Ana. 

.     The  same  day  a  slight  shock  was  felt  in  Santiago 

de  Cuba.— (U.  S.  Weather  Rev.) 

Oct  4.  At  2.30  A.  m  a  shock  was  felt  along  the  Hudson 
River  from  Marlborough  to  Peekskill,  N.  Y.,  a  distance  of 
about  twenty-five  miles.     It  was  sufficiently  violent  to  awaken 


162  Scientific  InteUtgence. 

persons  and  at  some  places  was  accompanied  by  a  rumbling 
noisa     The  direction  was  north  to  south. 

Oct  9.  A  severe  earthauake  at  Manizales,  the  capital  of 
Antioquia,  United  States  oi  Columbia,  destroyed  over  a  hun- 
dred houses,  including  the  church,  hospital  ana  city  buildings 

Oct.  11.     At  San  Jos^,  Costa  Rica,  a  feeble  shock  at  5  P.  Ji. 

.     The  same  day  at  7.30  p.  m.  a  severe  shock  at  Sto 

Jose,  Cal.,  accompanied  by  a  rumbling  noise.  The  vihrationf 
were  north  and  8outh  and  lasted  thirty  seconds. — (U.  S.  Weather 
Rev.) 

Oct.  21.  At  5.40  p.  M.  two  shocks  from  north  to  south  at  Sa^ 
ramento,  Cal. — (U.  S.  Weather  Rev.) 

Nov.  11.  At  9.45  A.  M.  a  slight  shock  from  east  to  west  at  S«o 
Francisco. — (U.  S.  Weather  Rev.) 

Nov.  18.  A  shock  was  felt  at  St  Louis,  Cairo,  Memphis, 
Little  Rock  and  other  places  in  the  Mississippi  Valley.  The 
direction  was  generally  north  to  south.  The  time  was  reported 
by  the  U.  S.  Signal  Service  observer  at  Cairo  as  11*»  51"  60" 
p.  M.  He  says,  "  a  trembling  was  felt,  lasting  forty  seconds, 
followed  by  a  rocking  motion  from  W.N.W.  to  E.S.E.  last- 
ing twenty  seconds,  and  a  second  trembling  lasting  ten  seconds" 
Another  slight  shock  was  felt  at  Cairo  at  5.10  A.  M.  of  the  19th, 
the  direction  of  which  was  also  W.N.W.  to  E.S.E. 

Nov.  23.     At  Murphy,  N.  C,  a  slight  shock  at  10  a.  m.  from 
west  to  east,  with  a  rumbling  noise. — (U.  S.  Weather  Rev.) 
Princeton,  N.  J.,  Jan.  1,  1879. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1 .  .Vote  on  J.  C,  Draper's  paper  ''  On  the  pre8en<^  of  Dark 
Dines  in  the  Solar  Spectrum  which  correspond  closely  to  the  lin« 
of  the  Spectrum  of  Oxygeny — The  paper  above  referred  to 
appeared  in  the  October  number  of  this  Journal.  A  cursory 
glance  at  it  gives  the  impression  that  the  methods  had  been  care- 
fully criticised  beforehand,  that  the  experiments  had  been  made 
with  minute  accuracy  and  that  the  results  were  trustworthy;  bnt 
closer  examination  of  it  raises  most  serious  questions  on  all  the 
points  mentioned.  P'rrors  of  method  and  of  experiment  appear 
which  make  it  quite  impossible  to  accept  the  conclusions  reached. 
It  is  the  purpose  of  this  note  to  point  out  some  of  these. 

In  the  first  place  the  author  throughout  the  paper  confoands 
Angstrom's  scale  numbers  with  wave  lengths.  Thus,  for 
example,  p.  267,  he  says,  line  18,  the  photographs  were  "in 
sections  of  eighty  to  one  hundred  wave  lengths,"  luie  24, 
"each  wave  length  being  five  millimeters  in  extent,"  and  line 
34,  "  each  section  of  one  hundred   or  more  wave-lengths  ;**  p. 
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!58,  line  24,  '^  Error  amounting  to  half  a  wave  length  coald 
herefore  exist  in  the  position  of  a  line,  according  as  it  fell  on  one 
iide  or  the  other  of  a  figure  on  the  scale  expressing  a  wave 
ength ;"  p.  259,  line  18,  one  iron  line  "to  every  eleven  wave 
engths  was  used;"  p.  261,  line  18,  no  element  gives  "a  line 
ivithin  two  or  three-tenths  of  a  wave  length  of  that  position ;" 
p.  264,  line  16,  "  no  other  element  furnishes  a  line  which  falls  on 
:,he  same  wave  length."  In  proof  that  he  really  means  scale 
iivisions,  he  ^ves  a  section  of  his  chart  on  p.  259,  and  says,  line 
J8,  "On  the  first  space  below  the  line  is  the  scale  of  wave  lengths, 
3ach  wave  length  being  five  millimeters  in  extent ;"  and  p.  260, 
line  28,  "  in  the  eighteen  wave  lengths  represented  in  the  dia- 
gram." There  are  eighteen  scale  divisions  in  the  diagram,  each 
»cale  division  being  five  millimeters  long.  Again,  p.  264,  refer- 
ring to  the  coincidence  of  oxygen  and  solar  lines  in  his  table,  he 
says,  line  2,  "  in  four,  the  difference  is  only  five  one-hundredths 
3f  a  wave  length ;  in  twenty-two,  ten  one-hundredths  of  a  wave 
length ;  in  four,  fifteen  one-hundredths  of  a  wave  length ;  in 
eleven,  twenty-one  one-hundredths  of  a  wave-length ;  and  in  the 
remainder,  the  greatest  difference  is  only  thirty-five  one-hun- 
dredths of  a  wave  length."  Referring  to  the  table,  the  four  lines 
first  mentioned  are  given  as  3982*75,  4075*50,  434515  and  4483*80; 
the  corresponding  oxygen  lines  being  given  as  3982*70,  4075*46, 
4346*20,  and  4483*76.  The  difference  is  obviously  five  one  hun- 
dredths of  a  scale  division,  not  of  a  wave  length.  From  the  fact 
that  this  error  runs  through  the  entire  paper,  it  would  almost 
seem  as  if  the  author  was  not  aware  of  the  distinction  between 
wave  lengths  and  scale  numbei*8.  Using  Angstrom's  scale  he 
confuses  wave  lengths  with  ten  millionths  of  a  millimeter; 
whereas  in  the  case  of  D  for  example,  the  wave  length  is  nearly 
6,000  times  greater.  If  the  author  really  means  what  he  says, 
he  asserts  that  the  wave  length  of  the  mean  ray  of  the  spectrum 
is  one  two  hundred  and  fifly-millionth  of  an  inch  instead  of  about 
one  forty-thousandth,  as  we  know  it  is. 

Second,  the  author  deems  it  of  the  greatest  importance  in  the 
preparation  of  his  solar  photographs  to  use  reflected  rays  exclu- 
sively ;  saying,  p.  256,  last  hne,  "  at  no  time  did  the  solar  rays 
pass  through  glass  ;  all  error  that  might  arise  during  refraction 
was  thus  avoided."  After  this  virtual  condemnation  of  the  use  of 
refraction  at  all,  he  not  only  uses  for  comparison  Angstrdm's 
wave  lengths  made  with  achromatic  lenses  and  a  refracting  grat- 
ing, constructing  even  his  chart  upon  them  as  a  basis,  p.  268^  line 
7,  "the  values  assigned  to  the  wave  lengths  in  this  chart  are 
those  of  Angstrom ;"  but  the  very  spectrum  of  oxygen  by  which 
the  coincidences  of  the  lines  of  this  element  with  those  of  the 
sun  spectrum  were  to  be  established,  was  photographed  with 
glass  prisms  and  achromatic  lenses. 

Third,  the  author  states  that  the  prisms  with  which  the 
spectrum  of  oxygen  was  photographed  were  adjusted  "to  the 
minimum  deviation  of  D'."      Supposing  D,  to  be  meant,  this 
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precaution,  which  gives  the  appearance  of  extraordinary  accuracy 
to  the  adjustment,  is  practically  an  impossibility  with  the  appar&r 
tus  employed.  Minimum  deviation  of  the  D  line  as  a  whole  could 
not  under  these  circumstances  be  distinguished  from  that  of  either 
of  its  components,  nor  could  that  of  D^  be  distinguished  from  that 
of  D2.  Moreover,  it  is  difficult  to  understand  why  he  adjusts  to 
minimum  deviation  for  D'  and  not  for  G,  near  which  the  work 
is  to  be  done.  Instead  of  D',  the  line  for  which  his  apparatus 
was  adjusted  should  have  been  chosen  in  the  photograpmc  por- 
tion of  the  spectrum,  for  example  between  G  and  H. 

Fourth,  on  page  265,  line  25,  the  author  says  that  this  ^Ms 
a  problem  not  to  be  solved  by  the  comparison  of  two  spectra 
of  small  dispersion.^^  Hence  it  is  a  matter  of  some  surprise 
to  find  that  in  getting  his  oxygen  spectrum,  he  uses  only  "  two 
flint  glass  prisms  of  60°"  and  for  objectives,  "  achromatics  of 
ten  inches  focus."  The  bright  line  spectrum  of  oxygen  taken 
by  Henry  Draper,  which  the  author  m  this  paper  inferentiallj 
attacks,  was  made,  as  we  find  on  examination,  with  a  direct 
vision  battery  of  nine  prisms  and  an  observing  telescope  of  forty- 
two  inches  focal  length.  The  original  negatives  taken  with  tie 
latter  apparatus,  must  consequently  have  been  eight  or  nine  times 
as  long  as  the  author's ;  and  even  these  were  none  too  large  for 
the  proper  solution  of  the  question. 

Fifth,  the  author  seems  to  have  attempted  to  compare  together 
a  diffraction  spectrum  of  the  sun  with  a  prismatic  spectrum  of  oxy- 
gen. Such  a  comparison,  by  the  method  adopted  is  manifestly  of 
no  value.  Owing  to  the  irrationality  of  dispersion  of  various  refrac- 
tive media  it  is  an  extremely  difficult  thing  to  compare  accurately 
two  prismatic  spectra  of  diflcreut  kinds.  But  the  matter  rises  to  an 
absurdity  when  a  comparison  is  attempted  between  a  grating  spec- 
trum and  a  prism  spectrum.  The  graphic  method,  employed  to 
supplement  the  direct  method,  does  not  appear  to  help  the  com- 
parison, since  the  author  nowhere  gives  both  coordinates  to  the 
curve  constnicted. 

Sixth,  it  is  more  tlian  questionable  whether  the  measurements  of 
the  solar  spectrum  lines  actually  made  by  the  author  are  capable  of 
the  accuracy  he  assigns  to  them.  The  values  in  his  table  of  wave- 
lengths are  given  to  one  hundredth  of  a  division  of  Angstrdm's 
scale.  As  the  author  says  on  page  257  that  each  division  of  this 
scale,  which  is  one  millimeter,  was  enlarged  to  five  millimeters 
upon  the  paper  scale  on  which  the  photographs  were  projected, 
to  measure  to  one  hundredth  of  a  scale-division  would  require  the 
measurements  on  the  screen  to  be  made  to  one-twentieth  of  a 
millimeter  or  the  one  five-hundredth  of  an  inch,  about ;  a  degree 
of  refinement  highly  improbable  under  these  conditions.  More- 
over the  accuracy  of  the  results  of  such  measui*ement8  is  seriously 
impaired  by  the  variation  in  the  position  of  the  lines  on  the 
screen,  due  to  the  fact  that  the  large  number  of  negatives  (eight 
or  nine  apparently),  required  to  give  the  whole  photograpoic 
spectrum,  must,  unless  special  precaution  was  taken   (of  which 
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there  is  no  evidence),  have  been  made  with  glass  of  different 
thicknesses.  When  projected  in  the  lantern,  this  variation  in 
thickness  would  necessitate  a  change  in  focus  and  so  cause  a  change 
in  the  magnifying  power.  The  smaller  sizes  of  photographic 
glass  vary  in  thickness  from  one  to  two  millimeters.  Conse- 
quently the  displacement  of  the  lines  due  to  the  difference  of 
magnifying  power  arising  from  this  cause  would  exceed  consider- 
ably the  limit  of  measurement,  which,  as  above  stated,  was  the 
one  five-hundredth  of  an  inch.  But  another  and  a  more  serious 
cause  of  inaccuracy  must  here  be  pointed  out.  From  the  data 
given  by  the  author,  it  may  readily  be  calculated  that  his  original 
photographs  of  the  oxygen  spectrum,  taken  with  two  prisms  of 
60°  and  with  lenses  of  ten  inches  focus,  could  not  have  been  over 
half  an  inch  long  in  the  region  from  G  to  H.  Since  Angstrdm's 
chart  from  G  to  H  is  sixteen  inches  long,  the  author^s  spectrum 
would  have  to  be  magnified  thiity-two  times  to  make  it  the  size 
of  this.  But  as  each  millimeter  of  Angstrdm's  scale  was  made 
five  millimeters  on  the  author^s  scale  of  measurement,  the  original 
negative  as  thrown  on  the  screen  must  have  been  magnified  one 
hundred  and  sixty  diameters.  Any  one  who  has  worked  at  all  in 
spectrum  photography,  knows  that  it  is  utterly  futile  for  purposes 
of  measurement,  to  magnify  a  photograph  taken  under  these  cir- 
cumstances, as  much  as  this,  since  then  the  size  of  the  silver 
grains  becomes  larger  than  the  details  of  the  picture.  In  the 
absence  of  any  precise  statement  the  reader  has  to  make  the  cal- 
culation for  himself;  but  the  figures  above  given  cannot  be  far 
•astray. 

Seventh,  there  is  only  an  appearance  of  accuracy  when  the 
attempt  is  made  to  fix  the  position  of  the  oxygen  spectrum  lines  to 
hundredths.of  one  of  Angstrom's  scale  divisions.  The  projection 
method  by  which  the  solar  lines  were  measured,  has  already  been 
proved  inadequate.  And  as  to  the  method  of  graphical  interpola- 
tion, used  as  auxiliary  to  the  lantern,  it  does  not  appear  that  as 
used  by  the  author,  it  was  capable  of  any  such  accuracy  as  that 
claimed.  In  constructing  the  curve,  the  iron  lines  are  taken  with 
Angstrom's  values  for  the  wave-lengths ;  but  these,  though  esti- 
mated to  tenths  were  read  only  to  whole  divisions  of  the  scale. 
Moreover,  only  forty-seven  iron  lines  were  used  in  all,  or  one  to 
every  eleven  scale  divisions;  the  reading  being  to  one  one- hun- 
dredth of  a  scale  division,  or  1,100  numbers  to  one  iron  line. 
Since  the  author  measured  no  wave-lengths  directly,  he  was 
obliged  to  construct  a  considerable  "  portion  of  the  curve  from  the 
wave-lengths  of  oxygen  and  air  lines  already  given  by  various 
authorities."  These  values  were  taken,  page  258,  from  Watts' 
Index  of  Spectra.  On  referring  to  this  book,  the  values  are 
given  only  to  the  units  place.  And  even  then,  discrepancies 
amounting  to  from  thl*ee  to  five  entire  units,  or  from  three  hun- 
dred to  five  hundred  times  the  author's  limit,  appear  in  the  wave- 
length as  given  by  the  various  authors  relied  on  for  the  measure- 
ments employed  in  the  paper  before  us. 
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Eighth,  the  author  nowhere  states  the  peculiar  character  of  the 
lines  in  the  oxygen  spectrum  and  appears  not  to  know  that  they 
have  any.  He  has  apparently  taken  it  for  granted  that  the  lines 
of  oxygen  are  intrinsically  as  sharp  as  the  lines  of  the  solar  spec- 
trum. But  this,  at  least  in  many  instances,  is  known  not  to  be 
the  case.  Consequently  it  is  quite  impossible  to  measure  the 
oxygen  lines  as  accurately  as  the  solar  lines,  and  even  these  as 
has  been  shown  cannot  be  measured  to  the  accuracy  which  the 
author  claims.  Angstrom  himself  admits  that  there  may  be  an 
error  of  one-tenth  of  a  division  in  his  scale  numbers. 

It  would  seem  sufficiently  obvious  from  what  has  been  said  that 
the  results  given  in  this  paper  are  entirely  vitiated  by  the  errors 
of  method  and  of  experiment  which  it  contains.  The  author  mast 
not  be  confounded,  because  of  the  similarity  of  initials,  with  the 
distinguished  investigator.  Dr.  J.  W.  Draper.  g.  f.  b. 

2.  On  the  Influence  of  Pressure  on  Chemical  ActiofL — Bbrthk- 
LOT  calls  attention  to  the  results  of  Pictet's  experiments  on  the 
liquefaction  of  oxygen  and  hydrogen  as  illustrating  his  thermo- 
chemical  views.  Tne  decomposition  of  potassium  chlorate  into 
oxygen  and  potassium  chloride,  as  he  has  proved,  is  an  exothermic 
reaction  not  limited  by  its  inverse ;  hence  it  is  not  arrested  by  a 
pressure  of  320  atmospheres.  In  fact  the  reaction  KC10,=: 
KCI-I-O3,  according  to  Berthelot's  measures,  evolves  at  the  ordi- 
nary temperature  11  calories.  About  400°,  the  chlorate  being 
melted  and  the  chlonde  solid,  this  quantity  can  only  be  increased. 
The  same  is  true  of  the  action  of  potassium  hydrate  upon  the  for- 
mate, the  reaction  by  which  Pictet  prepared  his  hydrogen ;  the « 
gas  continuing  to  be  evolved  even  under  a  pressure  of  over  600 
atmospheres.  This  reaction  is  also  exothermic  and  not  limited  by 
its  inverse ;  the  transformation  represented  by  the  equation 

KCHO,+KOH=K,CO,+H, 

evolving  at  the  ordinary  temperature  18*4  calories.  At  400°  or 
500°  all  the  bodies  being  supposed  melted,  the  heat  evolved  would 
not  be  altered ;  because  the  heats  of  fusion  of  known  salts  do  not 
exceed  four  calories  and  the  initial  system  has  two  melted  mole- 
cules, the  final  system  has  only  one.  Exothermic  reactions  then 
continue  whatever  be  the  ])ressure;  but  it  is  probable  that  their 
velocity  is  changed  and  perhaps  thi*  temperature  at  which  they 
take  place. — A /in,  Chun.  Phys.,  V,  xv,  149,  Oct.,  1878.     g.  f.  b. 

3.  On  the  Specific  Heat  and  the  Meat  of  Pusioti  of  GaUium, — 
Berth KLOT  has  determined  the  ^ipet'ific  heat  and  the  heat  of  fusion 
of  gallium  from  an  ingot  weighing  34  o^rauis,  placed  in  his  hands 
by  Lecoq  de  Boisbaudran.  The  specihc  heat  ol*  this  metal  was 
determined  in  the  author's  water  calorimeter,  bv  the  usual  methods. 
Two  experiments,  made,  the  one  between  110''  and  30°  the  other 
between  106°  and  \2b°^  gave  as  the  specific  heat  of  liquid  gallium 
(the  melting  point  being  30°,  l)ut  the  state  of  surfusion  continuing 
to  near  zero)  00802.  The  specific  heat  of  solid  gallium  between 
23°  and  12°,  was  found  to  be  0*079.  If  the  latter  measurements 
be  made  too  near  the  fusing  point,  the  value  obtained  is  too  high. 
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The  heat  of  fxision  of  gallium  was  determined  by  introducing  a 
crystal  into  the  surfused  metal  The  whole  crystallized  at  once, 
and  evolved  heat  which  was  measured.  At  13®,  the  mean  value 
for  a  unit  of  weight  was  19*11  gram-degrees,  the  number  remain- 
ing sensibly  the  same  between  30°  and  0**,  because  of  the  close 
agreement  of  the  two  specific  heats.  Referred  to  the  atomic 
weight,  69*9,  the  heat  of  fusion  is  1*33  kiloff ram-degrees  or  calories. 
The  close  correspondence  of  the  two  specific  heats  of  gallium  taken 
at  nearly  the  same  temperature,  is  true  also  of  mercury,  lead,  tin 
and  bismuth.  The  atomic  heat  of  gallium  in  the  liquid  state  is 
69-9X0-0802=5-69;  in  the  solid  69-9 X0-079=6-52.—^wn.  Chim. 
Phys.^  V,  XV,  242,  Oct.,  1878.  g.  f.  b. 

4.  On  the  Occurrence  of  Ytterbia  in  Sipylite, — The  mineral 
called  sipylite  was  described  by  Mallet  as  a  new  niobate,  as 
occurring  in  Amherst  county,  Virginia,  associated  with  allanite.* 
An  analysis  was  made  of  it  by  Brown  in  his  laboratory,  who  found 
that,  among  other  things,  it  contained  28  per  cent  of  earths  sup- 
posed to  be  erbia  and  yttria  in  the  ratio  of  27  to  1.  At  the  re- 
quest of  Dblafontaine,  a  portion  of  this  mixture  of  earths  was 
sent  to  him  by  Mallet.  Its  pale  yellow  color  indicated  to  him  the 
presence  of  terbia  or  philippia,  if  not  of  both.  But  the  feebleness 
of  its  absorption  spectrum,  and  the  very  weak  rose  color  of  its 
nitrate  and  oxalate  led  him  to  believe  that  if  no  error  had  been 
made  in  determining  the  atomic  weight,  a  new  metal  was  present. 
The  quantity  of  material  being  too  small  to  decide  the  question, 
he  succeeded  in  separating  some  sipylite  from  some  allanite  in  his 
possession.  From  this  a  pale  yellow  earth  was  obtained,  the 
nitrate  of  which  showed  in  the  spectroscope  small  quantities  of 
erbia  and  philippia.  But  the  higii  atomic  weight  127  or  128, 
taken  together  with  the  weakness  of  its  spectrum,  indicated  that 
the  earth  was  new.  By  several  partial  decompositions  of  the 
nitrate,  a  feebly  colored  base  was  obtained,  having  an  atomic 
weight  near  134,  giving  colorless  salts,  yielding  a  sulphate  like 
that  of  yttria,  and  crystallizing  easily,  a  formate  ciystallizing  in 
mamillated  masses,  and  a  double  sulphate  with  potassium  easily 
soluble  in  a  concentrated  solution  of  potassium  sulphate.  While 
he  was  looking  for  a  name  for  the  new  earth,  the  description  of 
Marignac's  ytterbia  appeared,  the  characteristics  of  which  accord 
so  well  with  that  of  his  new  earth  as  to  leave  no  doubt  of  their 
identity.  The  discrepancy  in  atomic  weight  will  be  settled  by 
new  determinations. —  (J.  R.^  Ixxxvii,  933,  Dec,  1878.      g.  f.  b. 

5.  Upon  the  development  of  JlIlectricHy  as  the  equivalent  of 
chemical  processes. — In  this  paper  H.  F.  Braux  discusses  the  equiv- 
alence of  heat  and  work,  and  electricity  developed  by  heat  and 
work.  Some  of  his  conclusions  bear  directly  upon  the  question  of 
dynamo-electric  machines.  He  proves  that  with  electricity  of  high 
tension,  the  per  cent  of  potential  electric  energy  which  is  con- 
verted into  work  is  less,  the  greater,  under  like  conditions,  the  ten- 
sion is:  That  heat  never  can  be  whollv  converted  into  electricitv ; 

*  This  Journal,  III,  xiv,  ^97,  Nov.,  1877. 
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but  only  to  the  same  degree  to  which  it  can  be  also  converted 
into  work. 

If  placing  the  three  quantities  in  this  order:  (I)  Electrical 
potential  energy;  (2)  Mechanical  work;  (3)  Heat.  We  have: 
1  can  be  entirely  transformed  into  2  and  into  3 ;  2  can  be 
entirely  changed  into  3  but  only  partly  into  1 ;  3  in  general, 
can  never  be  entirely  transformed  into  2  or  into  1.  The  remain- 
der of  the  paper  contains  the  application  of  the  foregoing  laws  to 
the  theory  of  the  Voltaic  cell. —  wiedenian's  Ann.  der  Phyeik  and 
Chemie,  1878,  No.  10,  p.  182.  j.  t. 

II.  Geology  and  Mineralogy. 

1.  The  L(je88  of  Minnesota  ;  by  N.  H.  Winchbll.  The  follow- 
ing facts  are  taken  from  the  Sixth  Annual  Report  (for  the  year 
1877)  of  the  Geological  and  Natural  History  Survey  of  Minne- 
sota, under  Professor  N.  H.  Winchell. — That  the  IcBSs  deposit  is 
the  result  of  widespread  diffusion  of  fresh  water,  at  the  time  of 
the  last  Glacial  epoch  over  those  surfaces  either  drift-covered  or 
not,  which  were  not  at  the  time  affected  by  the  glacier  movement, 
is  highly  probable ;  but  what  the  peculiar  circumstances  and 
causes  of  such  gentle  dif^sion  of  nearly  tranquil  waters  were,  it 
is  not  yet  possible  satisfactorily  to  detail.  The  loess  is  found  in 
all  parts  of  Kamsey  County,  but  it  varies  in  thickness  and  in  com- 
position. It  is  thin  or  wholly  wanting  in  some  rolling  gravelly 
tracts,  and  is  very  thick  in  some  confined  valleys.  It  is  sandy,  or 
graduates  downward  into  sand,  in  much  of  the  northern  part  of 
the  county,  particularly  in  Rice  Creek  valley,  and  in  some  places 
in  the  bluffs  of  the  ^lis8is8ippi  below  St.  Paul,  and  it  is  fine  and 
somewhat  clayey  in  the  high  and  rolling  clay  tract  in  the  eastern 
part  of  the  county,  particularly  in  the  eastern  part  of  New 
Canada.  It  forms  a  very  fine  soil  for  farm  crops.  It  covers  the 
bowlders  and  gravelly  clay  of  the  real  drift.  It  fills  some  old 
valleys — indeed  is  always  thicker  in  valleys  than  on  the  uplands. 
It  is  occasionally  stratihed  and  passes  into  sand  below  in  places 
where  agitated  water  was  abundant  enough  to  have  moved  such 
materials  before  the  epoch  of  the  loam.  In  other  cases  it  is 
placed  abruptly  immediately  over  a  coarse,  gravelly  or  bowlder- 
bearing  stratum. 

In  the  southwestern  corner  of  the  State  (Kock  and  Pipestone 
Counties)  there  is  a  gradual  change  from  stony  bowlder-clay  to 
loess,  horizontally,  in  passing  from  the  Coteau  de  Prairie  (in  Lyon 
and  Murray  Counties)  southward  to  the  Iowa  State  line. 
Exposures  along  the  banks  of  creeks,  and  the  digging  of 
wells,  make  this  plain.  There  is  a  gradual  loss  of  bowlders, 
then  of  the  small  stones,  then  of  gravel ;  and  an  equally 
gradual  increase  of  the  characteristic  features  of  the  loess, — 
close,  clayey  consistency,  crumbling  in  the  air  like  slacking 
quicklime,  and  white  limy  concretions,  in  some  cases  the  con- 
cretions which  have  been  so  often  mentioned  as  a  peculiarity  of 
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the  lcB88,  are  in  the  same  deposit  with  small  gravel  stones  of 
northern  origin ;  and  pieces  of  northern  limestone.  The  drift 
clay,  true  northern  bowlder  clay,  the  product  of  glaciers,  thus 
changes  gradually  into  a  true  loess,  the  product  of  aqueous  agen- 
cies. While  this  indicates  for  that  locality,  at  least,  a  merging 
of  one  force  into  the  other,  and  the  slowness  of  the  change, 
through  an  interval  of  about  fifty  miles  in  a  broad,  level,  open 
country,  it  perhaps  gives  the  key  to  the  events  that  occurred  in 
other  latitudes  wnere  the  surface  was  more  broken,  and  where  the 
effects  are  more  complicated  by  not  having  all  the  steps  recorded. 
Just  as  in  the  older  geological  formations,  wherever  the  series  is 
complete,  without  sudden  transitions,  the  history  is  best  known, 
so  in  the  history  of  the  drift,  where  the  effects  change  gradually, 
are  the  records  of  "  lost"  epochs,  and  these  "  beds  of  transition" 
need  the  closest  scrutiny,  being  the  only  evidence  of  what  trans- 
pired between  formations  which  in  other  regions  pass  abruptly 
from  one  to  the  other.  This  here  indicates  that  tne  age  of  the 
lcB88  was  cotemporary  with  that  of  the  bowlder  clay  in  the  Coteau 
de  Prairie.  There  must  be  some  explanation  given  for  the  coex- 
istence of  these  forces  which  spread  the  loam  and  those  which 
brought  the  glacial  diril.  In  other  words,  if  the  loam,  which  is 
sometimes  a  laminated  clay,  be  regarded  as  the  equivalent  in  age 
of  the  fine  laminated  clays  of  the  great  lakes  and  of  other  high- 
water  marks  in  the  northwest,  which  have  been  referred  to  a  dis- 
tinct *'  epoch"  by  Dana  and  others  (the  Champlain),  then  that 
epoch  was  not  subsequent  in  time  to  the  Glacial  epoch  but  cotem- 
porary with  it,  and  its  phenomena  differ  from  those  of  the  last 
Glacial  epoch  because  they  have  been  studied  at  distant  points 
where  they  are  contrasted,  and  where  the  glacial  winter  operated 
differently.  Where  there  is  an  immediate  succession  of  super- 
position, that  fact  in  the  drift  does  not  imply  immediate  succes- 
sion in  time  any  more  than  it  does  in  the  Silurian  rocks,  a  fact 
which  has  been  ignored  many  times  ;  and  hence  have  resulted  a 
great  many  special  histories  and  theories.  The  loess,  for  instance, 
lies  on  the  older  drift  clay  all  along  the  Mississippi  valley,  and 
has  generally  been  taken  to  prove  an  immediate  transition  from 
the  driftrepoch  to  the  loam-epoch,  when  really  a  long  period  of 
time,  involving  forest  growths  and  the  slow  on-coming  of  a  Gla- 
cial epoch,  intervened,  the  loam  itself  passing  horizontally  into 
the  glacial  deposits  of  that  epoch. 

So  in  Ramsey  County  the  loam  has  been  seen  to  follow  by 
insensible  gradations  from  a  sand  or  even  a  fine  gravel,  the  change 
here  taking  place  perpendicularly.  In  this  case  the  coarser 
deposit  below  was  the  result  of  more  copious  and  more  agitated 
water,  as  in  the  bluff-terraces  below  St.  Paul,  or  in  the  washed 
materials  in  the  western  part  of  Reserve  township,  and  the  loam 
the  result  of  the  diminution  and  more  quiet  state  of  the  same 
waters.  Thus,  if  the  waters  which  overspread  and  washed  the 
old  drift  and  formed  the  gravelly  terraces  of  the  Mississippi  came 
from  the  ice-fields  of  a  contemporary  glacier  lying  further  north. 
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then  the  waters  which  spread  the  loam,  a  finer  deposit,  also  came 
from  the  same  source,  operating  a  little  later,  and  with  diminished 
force. 

2.  Systematic  Geology  of  the  ^Oth  Parallel ;  by  Clarence 
King.* — ^The  following  are  citations  from  one  of  the  chapters  in 
this  valuable  volume ;  it  is  entitled  "  llesurae  of  Stratigraphical 
Geology,"  and  gives  some  of  the  geological  conclusions  reached 
by  the  author. 

In  the  120,000  feet  of  sedimentary  accumulations  the  grander 
divisions  of  Archaean  or  Azoic,  Palaeozoic,  Mesozoic,  and  Cenozoic 
are  distinctly  outlined  by  divisional  periods  of  marked  unconform- 
ity. Considered  as  a  wnole,  there  is  a  noteworthy  fullness  in  the 
geological  column.  None  of  the  important  stratigraphical  time- 
divisions  are  wanting  except  those  obscure  intermediate  deposits 
which  in  other  countries  lie  between  the  base  of  the  Cambrian  and 
the  summit  of  the  crystalline  Archaean  series.  From  the  first  of 
Cambrian  age  to  the  present  every  important  interval  of  time  is 
recorded  in  the  abundant  gathering  of  sediments,  which  are  with 
singular  fullness  characterized  by  appropriate  and  typical  life- 
forms. 

As  in  all  other  geological  fields,  the  most  important  interruptioD 
of  the  continuity  of  deposit  was  at  the  close  of  the  Archiean  age, 
and  the  most  striking  difference  between  any  two  successive  groups 
of  rocks  is  that  which  characterizes  the  relations  of  the  Archaean 
and  the  Palaeozoic.  With  the  exception  of  a  few  slates  of  sup- 
posed Huronian  age,  which  the  microscope  shows  to  be  richly 
charged  with  crj'stallites,  all  the  non-eruptive  Archaean  rocks  have 
passed  from  the  original  condition  of  detrital  beds  into  sheets  or 
bodies  of  distinctly  crystallized  material. 

Not  ouly  are  the  Archaean  exposures  of  such  frequency  over  the 
Fortieth  Parallel  area  as  to  insure  a  moderately  complete  knowl- 
edge of  stratigraphical  sequence  and  materials  of  the  period,  but 
also,  owing  to  the  relations  which  have  been  described  with  the 
overlying  Palaeozoic,  I  am  able  to  reconstruct  with  considerable 
accuracy  the  topographical  configuration  of  the  Archaean  surface. 
Supposing  all  the  post-Archaean  rocks  to  be  removed,  and  consid- 
ering what  we  now  know  of  the  whole  area  at  the  close  of  the 
Archaean  age,  the  first  prominent  fact  is,  that  coextensive  with 
the  greater  part  of  the  Cordilleras — that  is,  from  longitude  104° 
westward  as  far  as  the  Arclia3an  exposures  extend — was  a  great 
Archaean  mountain  system  built  up  of  at  least  two  sets  of  noncon- 
formable  strata,  referred  to  Laurentian  and  Huronian ;  the  lower 
and  older  composed  of  granitoid  gneisses  chiefly  made  up  of 
quartz  and  orthoclase,  but  carrying  a  little  mica,  sparing  triclinic 
feldspars,  and  chlorite  pseudomorphous  after  garnet  and  mica. 

Over  these,  whether  with  actual  conformity  or  not  is  undeter- 
mined, lies  an  enormous  series  of  mica  gneisses  rich  in  quartz  and 
biotite,  orthoclase  ordinarily  exceeding  plagioclase.  The  earlier 
aplitic  gneisses  and  the  later  mica  gneisses  expose  about  25,000 
feet  each  of  conformable  beds. 

*  See  the  preceding  number  of  this  Journal,  page  66. 
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A  third  group,  nonconformable  with  the  earliest  aplitic  series, 
the  relations  with  the  intermediate  mica-gneiss  series  being  un- 
known, consists  of  mica  and  hornblende  schists  passing  upward 
into  slates,  quartzites,  limestones,  and  dolomites.  *  *  * 

Upon  grounds  set  forth  in  Section  FV  of  Chapter  II  it  is  clear 
that  the  general  topography  prior  to  the  deposition  of  the  earliest 
Cambrian  rocks  was  that  of  a  great  mountain  system,  displaying 
lofty  ranges  made  of  crumpled  strata,  enormous  precipices,  a  result 
of  mechanical  dislocation,  and,  finally,  a  type  of  high  mountain 
sculpture  of  such  broad,  smooth  forms  as  to  warrant  the  belief 
that  subaSrial  erosion  had  never  carved  and  furrowed  the  mount- 
ain flanks  with  the  sharp  ravines  characteristic  of  modern  mount- 
ain topography.  East  of  the  Rocky  Mountains,  in  the  geological 
province  of  the  Great  Plains,  there  are  no  Archaean  outcrops ;  and 
when  we  consider  the  comparative  thinness  of  the  later  sedimen- 
tary beds  superposed  over  that  region,  the  absence  of  outcropping 
ArchsBan  masses  piercing  through  the  latter  sediments  is  excellent 
proof  that  over  that  area  Archaean  mountain  ranges  did  not  exist. 
This  is  important  as  defining  the  Archaean  Cordilleras  within  the 
limits  of  the  modem  Cordilleras,  or,  as  is  a  more  strictly  correct 
view,  the  Archaean  Cordilleras  have  determined  not  only  the  gen- 
eral area  but  much  of  the  local  detailed  structure  of  the  modern 
Cordilleras. 

The  topographical  features  of  the  present  terrestrial  surface  are 
far  less  grand  than  the  Archaean  orography.  Tlie  great  Archaean 
precipices  brought  to  light  in  Uinta  and  Wahsatch  ranges  are 
absolutely  unparalleled  in  the  topography  of  to-day.  *  *  * 

There  is  always  a  complete,  sharp,  unmistakable  nonconformity 
between  the  crystalline  Archaean  topography  and  the  superjacent 
sediments. 

Considered  as  a  whole,  the  Palaeozoic  series  constituted  a  con- 
formable body,  laid  down  over  the  rugged  Archaean  mountain 
system.  It  first  appears  in  the  region  of  the  Rocky  Mountains 
with  a  total  thickness  of  about  a  thousand  feet,  the  strata  sur- 
rounding and  abutting  against  permanent  Archaean  islands,  which, 
during  the  whole  Palaeozoic  and  Mesozoic,  were  lifted  above  the 
level  of  deposition.  Throughout  all  Palaeozoic  time  only  1,000 
feet  of  strata  accumulated  over  our  part  of  the  Rocky  Mountains, 
and  we  get  no  glimpses  of  deeper  hollows  in  which  lower  Cambrian 
beds  might  have  been  deposited.  Passing  westward,  the  series 
gradually  thickens  to  32,000  feet  in  the  region  of  the  Wahsatch 
and  about  40,000  feet  at  the  extreme  western  Palaeozoic  limit, 
longitude  117°  30',  where,  from  the  evidences  of  shore-phenomena, 
and  the  non-continuation  of  the  beds  westward,  we  are  warranted 
in  assuming  the  Palaeozoic  coast.  *  *  * 

Viewed  regardless  of  the  age  of  the  individual  beds,  the  Palae- 
ozoic series  can  be  divided  by  the  character  of  their  materials 
into  four  great  groups.  The  first  is  a  purely  detrital  Cambrian, 
which,  although  of  comparatively  fine  sediments,  in  the  presence 
of  occasional  conglomerates  gives  evidence  of  repeated  subsidence. 
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The  second  group  is  the  great  limestone  series,  beginning  with 
the  Pogonip  Cambrian  limestone,  and  extending  upward  to  the 
top  of  the  Lower  Coal  Measures  for  1 1,000  feet,  only  interrupted, 
in  the  horizon  of  the  Lower  Devonian,  by  a  sheet,  from  1,000  to 
2,000  feet  thick,  of  fine  quartzitic  detritus.  This  enormous  group 
of  11,000  feet  of  limestone,  characterized  by  abundant  pelagic 
faunae  ranging  from  the  Primordial  to  the  top  of  the  Lower  Coal 
Measures,  represents  in  general  an  age  of  deep  seas.  *  *  * 

At  the  close  of  the  deep-sea  lime-period  came  a  third  great 
stratigraphical  division  of  the  Palaeozoic  —  Weber  quartzite  —  a 
body  of  pure  siliceous  detritus  from  6,000  to  10,000  feet  in  thick- 
ness, characterized  by  conglomerates  both  in  the  near  neighbor- 
hood of  the  granitic  islands  and  close  to  the  Nevada  shore. 

This  is  immediately  succeeded  by  the  fourth  group  or  Upper 
Coal  Measure  limestone,  a  body  about  2,000  feet  thick  of  strictly 
pelagic  material. 

The  whole  Palaeozoic,  therefore,  may  be  summed  up  as  to  its 
material  as  two  periods  of  mechanical  detritus,  interrupted  by 
one  and  followed  by  another  period  of  deep-sea  lime-formation. 
While  in  the  conglomerates  which  appear  in  all  the  siliceous 
members  of  the  series  we  have  evidence  of  episodes  of  shallow 
waters,  yet  the  occurrence  of  13,000  feet  of  limestone  indicates 
enormous  intervals  of  the  continued  sway  of  profound  ocean.  *  * 

After  the  close  of  this  great  conformable  Palaeozoic  deposition, 
wide-spread  mechanical  disturbance  occurred,  by  which  the  land 
area  west  of  the  Nevada  Palaeozoic  shore  became  depressed,  while 
all  the  thickest  part  of  the  Palaeozoic  deposits  from  the  Nevada 
shore  eastward  to  and  including^  the  Wahsatch,  rose  above  the 
ocean  and  became  a  land  area.  Between  the  new  continent  and 
the  old  one  which  went  down  to  the  west,  there  was  a  complete 
change  of  condition.  The  land  became  ocean ;  the  ocean  became 
land.  In  the  rising  of  the  Pala3ozoic,  however,  the  elevation  pro- 
ceeded no  farther  eastward  than  the  Wahsatch.  £ast  of  that 
point,  the  Upper  Carboniferous  beds  were  still  the  undisturbed 
ocean-bottom ;  but  instead  of  receiving  sediments  either  from  the 
destruction  of  organic  life  within  the  ocean  area  or  from  the  dis- 
tant continental  sources  to  the  west,  the  newly  elevated  land- 
mass,  extending  from  the  Wahsatch  west  to  117°  30',  became  the 
area  from  which  was  derived  the  post-Carboniferous  detritus  to 
form  the  great  Mesozoic  series  that,  east  of  the  Wahsatch,  were 
laid  down  conformably  upon  the  still  submerged  and  still  undis- 
turbed Carboniferous. 

Upon  the  western  side  of  the  new  land-mass,  the  Archaean  con- 
tinent, having  gone  down,  made  a  new  ocean-bottom,  and  upon 
this  immediately  began  to  accumulate  all  the  disintegration-prod- 
ucts of  the  new  land-mass  which  the  westward  draining  rivers  and 
the  ocean  waves  were  «able  to  deliver.  Throughout  the  Triassic 
and  Jurassic  periods  the  western  ocean  was  accumulating  its  eIlo^ 
mously  thick  group  of  confonnable  sediments  upon  an  ArchsBan 
floor,  while  east  of  the  Wahsatch,  in  the  mediterranean  ocean,  the 
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sediments  of  the  Trias  and  Jnra  were  accumulating  conformably 
upon  the  Carboniferous ;  until,  at  the  close  of  the  Jurassic  age, 
there  had  accumulated  in  the  western  sea  20,000  feet,  and  in  the 
mediterranean  sea  3,800  feet,  of  Tnassic  and  Jurassic  material 

The  comparison  of  the  Trias-Jura  series,  in  these  two  separated 
seas,  shows  two  things :  first,  that  the  western  sea  was  very  deep 
during  the  Trias ;  secondly,  that  the  mediterranean  was  shallow 
during  the  Trias.  *  *  * 

At  the  close  of  the  Jurassic  age,  the  western  ocean,  with  its 
original  floor  of  Archsean  ranges  overlaid  by  twenty  thousand  feet 
or  more  of  conformable  Trias-Jura  sediments,  suffered  abrupt  oro- 
graphical  uplift,  resulting  in  the  formation  of  a  series  of  sharp 
folds  and  elevating  a  portion  of  the  ocean  area,  extending  from 
the  eastern  shore  outward  and  westward  as  far  as  the  present 
west  base  of  the  Sierra  Nevada,  making  an  addition  to  the  conti- 
nent of  200  miles,  the  Sierra  itself  constituting  the  most  western 
and  most  elevated  of  the  newly  formed  mountain  ranges.  *  *  * 

While  this  powerful  dynamic  action  was  taking  place  on  the 
west  side  of  the  land  area,  there  still  remained,  so  far  as  upheaval, 
subsidence,  or  folding  is  concerned,  a  complete  calm  in  the  region 
east  of  the  Wahsatch.  The  uppermost  shaly  members  of  the  Ju- 
rassic from  the  Wahsatch  out  to  Kansas  are  immediately  conform- 
ably overlaid  by  the  basal  members  of  the  Cretaceous.  *  *  * 

Daring  Cretaceous  time  the  mediterranean  ocean  stretched 
from  the  eastern  base  of  the  Wahsatch  into  Kansas ;  and  over  the 
entire  bottom  of  that  body  of  water,  with  the  exception  of  a  few 
Archaean  islands,  which  were  still,  as  they  had  been  throughout 
the  previous  ages  since  the  beginning  of  the  Cambrian,  lifted 
above  the  plane  of  deposition,  a  continuous  conformable  sheet  of 
Cretaceous  sediments  was  laid  down.  Its  greatest  thickness  was 
against  the  western  shore  of  the  ocean,  namely,  against  the  eastern 
base  of  the  Wahsatch,  where  conformably  over  the  top  of  the  Ju- 
rassic shales  are  about  12,000  feet  of  Cretaceous  beds.  Passing 
eastward,  this  series  in  the  province  of  the  Great  Plains  near  the 
eastern  base  of  the  Rocky  Mountain  system  has  thinned  to  4,500 
or  5,000  feet,  and  in  western  Kansas  it  reaches  its  thinnest  devel- 
opment as  described  by  the  Geological  Survey  of  that  State.  *  *  * 

Throughout  the  whole  Cretaceous,  below  the  top  of  the  Fox 
Hill,  the  moUuscan  fossils  are  invariably  marine,  with  the  excep- 
tion of  certain  intercalated  groups  of  purely  fresh-water  shells 
near  the  region  of  the  Wahsatch,  which,  from  their  position  close 
to  the  Cretaceous  ocean  shore,  are  evidently  the  in- washings  of  a 
flnviatile  fauna. 

Regarded  as  a  whole,  the  basal  member  is  a  single  sheet  of  sili- 
ceous sediments  and  rounded  conii^lomerates  from  300  to  500  feet 
thick*  Over  this  lies  the  great  Colorado  group,  2,000  feet  thick  in 
the  west,  1,000  feet  thick  in  the  region  of  the  Great  Plains,  made  up 
chiefly  of  fine  calcareous  and  argillaceous  material,  which  toward 
the  middle  of  the  group  is  prominently  formed  of  marles  or  lime- 
stones. 
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Above  the  horizon  of  the  Colorado  group,  the  Fox  Hill  and 
Laramie  are  essentially  of  sandstones,  about  9,000  feet  in  thick- 
ness in  the  region  of  the  Wahsatch,  abont  3,000  feet  in  the  region 
of  the  Great  Plains.  At  the  very  summit  of  the  uppermost  or 
Laramie  group  are  found  Dinosaurs.  The  fauna  up  to  the  base 
of  the  Laramie  is  strictly  marine.  The  Laramie  itself  carries  the 
remains  of  an  estuarial  or  brackish-water  life,  associated  with 
strictly  Mesozoic  Saurians.  With  the  close  of  the  Cretaceous  the 
conformable  series  of  marine  and  estuarial  deposits  east  of  the 
Wahsatch  come  to  an  end,  and  the  last  moments  of  deposition  were 
immediately  followed  by  one  of  the  most  important  orographical 
movements  of  the  whole  Cordilleran  history. 

From  the  eastern  base  of  the  Rocky  Mountains  to  the  easteni 
base  of  the  Wahsatch  the  whole  region  was  thrown  either  into 
wide  undulations  or  sharp  folds.  So  great  a  range  as  the  Uinta, 
with  its  distinct,  broad,  flat  anticlinal,  was  made  at  this  period. 
Relatively  to  the  present  basin  of  the  Colorado,  the  whole  chain 
of  the  Rocky  Mountains  was  elevated  so  as  to  define  a  broad, 
shallow  depression,  which  now  includes  the  waters  of  Colorado 
River.  Powerful  and  important  as  this  orographical  movement 
was,  it  failed  to  disturb  the  coast  deposits  of  the  Pacific  in  Cali- 
fornia ;  but  from  reasons  already  given  it  seems  probable  that  the 
first  definition  of  the  Cascade  Range  was  caused  by  its  force.  In 
the  general  geology  of  North  America  the  most  important  result 
of  this  immediately  post-Cretaceous  orographical  movement  was 
the  elevation  of  the  whole  interior  of  the  continent  and  the  com- 
plete extinction  of  the  inter- American  mediterranean  ocean. 

From  the  date  of  this  movement  no  marine  watere  have  ever 
invaded  the  middle  Cordilleras,  and  the  subsequent  strata  are  all 
of  lacustrine  origin.  The  effect  of  this  orographical  movement 
was  to  leave  that  part  of  the  C/ordilleras  which  falls  within  oar 
study  with  a  free  drainage  to  the  sea,  with  the  single  exception  of 
the  basin  of  Colorado  River,  which,  from  its  configuration,  imme- 
diately became  the  receptacle  of  the  vast  fresh-water  Ute  Lake, 
within  whose  area  accumulated  the  important  Vermilion  Creek 
group,  the  earliest  of  the  fresh-water  Eocene  strata.  Throughout 
the  entire  Eocene  period  the  basin  of  Colorado  River  was  the 
theatre  of  a  series  of  four  Eocene  lakes,  whose  deposits  —  uncon- 
formable among  themselves,  as  has  already  been  described  — 
amount  in  all  to  10,000  feet;  lacustrine  rocks  characterized  firom 
the  bottom  to  the  top  by  an  abimdant  series  of  vertebrate  life 
covering  the  whole  lapse  of  Eocene  time.  The  Ek)cene  of  the 
Fortieth  Parallel  region  was  a  period  of  four  lakes  superposed, 
the  unconformity  of  their  deposits  due  to  four  orographical  dis- 
turbances. 

An  important  orographical  movement  took  place  at  the  close 
of  the  Eocene,  by  which  the  province  of  the  northern  Great  Plains 
and  a  long,  narrow  tract  of  Washington  Territory,  Oregon,  Neva- 
da, and  California,  lying  on  the  eastern  base  of  the  Sierra  Nevada 
and  the  present  Cascade  Range,  became  depressed  and  received 
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the  drainage  of  the  surrounding  countries,  forming  two  extended 
Miocene  l^es.  The  deposits  of  the  westernmost  lake  are  chiefly 
the  tuffs  and  rearranged  ejecta  of  volcanic  eruption.  The  deposits 
of  the  Plains  are  the  simple  detritus  from  the  surrounding  lands. 
The  series  on  the  west  are  over  4,000  feet  thick ;  in  the  east  they 
are  not  proved  to  be  over  300  or  400  feet.  Both  contain  abundant 
and  typical  Miocene  vertebrate  life. 

The  close  of  the  Miocene  was  signalized  by  a  powerful  oro- 
graphical  movement  over  the  area  of  the  western  Miocene  lake, 
which  threw  the  beds  accumulated  on  its  bottom  into  folds.  Con- 
temporaneously with  this  movement  the  Miocene  lake  of  the  east, 
by  the  subsidence  of  the  surrounding  country,  increased  so  as  to 
cover  the  province  of  the  Great  Plains. 

The  Pliocene  opened,  therefore,  with  two  enormous  lakes,  one 
covering  the  basin  country  of  Utah,  Nevada,  Idaho,  and  eastern 
Oregon;  the  other  occupying  the  province  of  the  Plains.  The 
Pliocene  deposits  of  the  Plains  lake  are  calcareous  and  sandy  beds, 
which  have  no  nonconformity  in  angle  of  dip  with  the  underlying 
sheet  of  Miocene  sediment,  but  which  overlap  it  in  every  direction. 
The  deposits  of  the  great  western  lake  are  nonconformable  with 
the  Miocene  and  immensely  overlap  it  to  the  east,  doubling  the 
area  of  Miocene  sediment.  Both  of  these  Pliocene  lakes  —  as  do 
the  Miocene  —  contain  the  remains  of  rich  faunae.  The  eastern 
lake  received  a  maximum  of  about  2,000  feet  of  strata ;  the  west- 
em  lake  has  nowhere  shown  over  1,400  feet. 

The  close  of  the  Pliocene  was  signalized  by  another  orograph- 
ical  movement,  which  threw  the  sediments  of  the  Great  Plains  lake 
into  their  inclined  attitude,  dipping  4,000  feet  to  the  east  and 
7,000  feet  to  the  south  from  the  Fortieth  Parallel  region.  This 
same  orographical  movement  acted  differently  upon  the  sheet  of 
sediments  which  covered  the  Pliocene  lake  of  the  Great  Basin. 
Instead  of  tilting  the  entire  lake,  it  broke  in  the  middle,  and  the 
two  sides  were  depressed  from  1,000  to  2,000  feet  thick,  the  shores 
faulting  downward.  The  result  of  the  post-Pliocene  movement  in 
the  department  of  the  Plains  was  to  give  thereafter  a  free  drainage 
to  the  sea.  The  result  in  the  area  of  the  Great  Basin  was  to  leave 
two  deep  depressions,  one  at  the  western  base  of  the  Wahsatch, 
one  at  the  base  of  the  Sierra  Nevada,  which,  in  Quaternary  times, 
received  the  abundant  waters  of  the  Glacial  period  and  formed 
the  two  lakes  that  have  already  been  described  in  the  Quaternary 
chapter. 

3.  An  Elementary  Geology^  desigiied  especially  for  the  Interior 
States  ;  by  E.  B.  Andrews,  LL.D.,  of  the  Ohio  Geological  Corps, 
and  late  Professor  in  Marietta  College.  283  pp.  8vo.  Cincinnati, 
1878.  (Van  Antwerp,  Bragg  &  Co.) — In  this  little  work  on  Ele- 
mentary Geology,  the  author,  as  his  preface  remarks,  has  had 
especial  reference  to  the  Interior  portion  of  the  United  States,  ex- 
clusive of  the  Southern  States.  Many  of  the  illustrations  and  facts 
are  accordingly  from  the  formations  of  the  Mississippi  Valley.  It 
18  still  a  general  review  of  the  science,  presenting  briefly  facts 
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oonnected  with  Lithology  and  Dynamical  Geology,  and  more  fully 
Historical  Geology.  It  is  a  popular  work  on  the  subject  for  the 
seueral  reader  and  will  be  found  a  useful  book  for  the  young  stu- 
dent.    The  volume  is  neatly  printed. 

4.  A71  Outline  of  General  Geology^  with  copious  Iteferenca^ 
designed  for  the  use  of  both  General  and  Special  students ;  by 
Theo.  B.  Comstock,  B.Ag.,  B.S.,  in  charge  of  the  Department  of 
Geology,  Paleontology  and  Economic  Geology  in  Cornell  Univer- 
sity. 82  pp.  8vo.  Ithaca,  N.  Y.  Printed  for  the  author  at  the 
University  Press.  1878. — This  work  is  based  by  the  author  on 
the  Syllabus  of  his  lectures  to  the  students  of  Cornell  University. 
It  is  a  brief  nynopsis  of  the  various  branches  of  general  geolo^, 
presenting  in  a  condensed  way  the  principles  and  conclusions  with 
many  prominent  facts.  It  is  well  fitted  for  use  in  connection  with 
a  course  of  lectures ;  and  the  geological  student  will  also  find  it 
valuable  as  a  means  of  reviewing  the  subject.  The  work  contains 
a  list  of  references  to  various  geological  publications,  including 
treatises,  periodicals,  transactions  of  Societies  and  memoirs,  to  aid 
the  student  in  extending  his  range  of  study. 

6.  Die  Glimmergruppe,  II  Theil,  von  G.  Tschebmak. — ^The 
first  part  of  Professor  Tschermak's  memoir  on  the  Mica  family 
has  already  been  noticed  in  this  Journal  (xv,  150,  Feburary,  1878), 
in  that  the  results  of  his  crystallograpliical  and  optical  studies 
were  given.  To  these  he  has  now  added  a  discussion  of  the 
chemical  composition  of  the  species  as  previously  defined  by  him. 
His  conclusions  are  based  upon  sixteen  new  analyses  made  with 
especial  care  to  avoid  the  errors  contained  in  many  earlier  analyses 
and  in  consequence  of  which  most  of  them  are  rejected  by  him  in 
his  discussions.  The  following  are  the  principal  results  adopted 
by  him:  (1.)  Biotites:  Anomite^  composed  of  Si,Al^K^H,0,^  and 
SigMg  O  in  ratios  from  1:1  to  2:1;  Meroxeney  compo^  of 
Si.AlgKjHjO,^  and  Si^Mg^^O^^  in  similar  ratios.  L^idomelane: 
composition,  Si  Al,K,Hp,,(Si.Fe,K,H,O^J  and  Si.Mg„0,,  (2.) 
Phlogopites  :  Phlogopite^  composition,  Si^Al^K^O,^,  also  Si,,HpO,, 
(with  Si„0,F,J  and  Si„Mg  O,^  often  in  the  ratio  3:1:4;  Ziunwai- 
dite  (Cryophyllite),  composition  Si.Al^K^  (Si^Al.Li.O,,  Si.Fe^O,, 
and  SijjjF^^O^  in  the  ratio  10:2:3.  Muscovrrss:  LepidoUJU^ 
composition  3Si,Al,K.O,^(Si^Al,Li.O  )  and  Si,„O^F,^.  Muscovite 
(Damourite),  composition  Si^Al^  K^  ^a^ia  ^''"^  muscovite,  and  also 
this  same  together  with  Si,,,U^O  ,  in  the  ratio  3:1  (Phengite); 
Paragonite,  composition  SigAl^Na^H^O^^.  Margarite^  Si^Al^Ca, 
H^O,^. —  Vien7ia  Academy^  Ixxviii,  June,  1878. 

III.   Botany. 

1.  On  Plant- Distribution  as  afield  far  Geographical  Research; 
by  W.  T.  Thiselton-Dyer,  Assistant  Director  of  the  Royal  Gar- 
dens, Kew,  London.  1878,  pp.  36,  8vo. — This  is  a  lecture,  de- 
livered (we  believe)  at  the  Royal  Institution,  and  published  orig- 
inally in  the  Proceedings  of  the  Royal  Geographical  Society,  Lon- 
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don.  Ite  teaching  is  interesting  and  truly  noteworthy.  It  tells 
how  '^  Vegetation  in  any  given  spot  maintains  its  own  only  by 
having  solved  the  problem  of  existing  in  the  best  way  under  the 
given  circamstances.  Introduce  a  new  competitor  for  a  particular 
site  that  can  solve  the  problem  rather  more  closely,  and  the  old 
occupant  must  needs  give  way."  It  intimates  that  this  must  have 
been  so  all  along  geological  time,  and  under  all  changes  of  climate, 
land  and  sea.  It  pictures  the  great  hosts  of  plants  oscillating  be- 
tween the  poles  and  the  equator,  their  ranks  thinning  by  ^'  the 
friction  attendant  on  their  movement,"  which  has  extinguished 
perhaps  whole  battalions.  It  takes  a  general  survey  of  the  promi- 
nent characteristics  of  the  great  floras,  northern,  southern  and 
tropical,  and  of  their  principal  divisions.  It  brings  prominently 
forward  "the  opinion  that  the  northei*n  hemisphere  has  always 
played  the  most  impoitant  part  in  the  evolution  and  distribution 
of  new  vegetable  types ;  in  other  words,  that  a  greater  number  of 
plants  have  migrated  from  the  north  to  the  south  [meaning  across 
the  tropics]  than  in  a  revene  direction."  That  proposition  (based 
on  the  temperate  floras)  is  well  sustained  by  obvious  facts,  and 
follows  almost  of  course  from  the  greater  amount  and  longitu- 
dinal contiguity  of  northern  lands,  as  Mr.  Darwin  has  "  suspected." 
But  this  may  probably  be  limited  to  the  extant  vegetation  and  its 
nearer  predecessors.  If  the  paleontological  botanists  are  at  all 
correct  in  their  ordinal  determinations,  the  reveinse  misht  well 
have  been  the  case  at  earlier  periods,  when  Proteacese  and  LaurineaB 
abounded  in  northern  temperate  regions.  It  must  needs  have  been 
so  if  there  was  for  any  long  period  a  preponderance  of  southern 
land  with  northward  extension. 

A  good  part  of  the  lecture — as  rich  in  practical  value  as  the  re- 
mainder is  in  theoretical  interest — recounts  what  geographical  ex- 
plorers have  recently  been  doing  for  botany  by  collecting  mate- 
rials and  information,  indicates  how  very  much  is  yet  to  be  done 
in  this  way,  how  easy  it  is  to  collect  and  preserve  botanical  speci- 
mens, and  what  important  services  the  ''  roving  Englishman"  and 
still  more  the  desciplined  explorer,  may  render  to  the  botanical 
studies.  A.  G. 

2.  Conspectus  FlorcB  Europcew^  auctore  C.  F.  Nyman.  Orelso 
Sueciae,  1878.  L  RintunculacecB — PomacecB,  pp.  240,  8 vo. — This 
systematic  catalogue  of  European  plants,  arranged  in  the  Candol- 
lean  order,  with  leading  references,  principal  synonyms,  and  local- 
ities, supplies  a  desideratum,  so  far  as  it  extends,  and  the  second 
part,  which  will  include  the  remaining  PolypetalcB^  is  announced 
as  in  press.  It  is  evidently  a  work  of  critical  importance,  and  is 
well  arranged.  a.  g. 

3.  Botanical  Necrology  of  1878. — An  unusual  number  of  bot- 
anists have  deceased  in  the  course  of  the  past  year.  The  first  and 
the  last  names  on  the  list  are  venerable. 

Elias  Magnus  Fries,  of  Upsal,  died  February  8,  1878,  in  the 
eighty-fourth  year  of  his  age,  a  month  after  the  hundredth  amii- 
versary  of  the  death  of  Linnaeus  at  that  ancient  University.     He 
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was  bora,  as  was  Liiinseus,  in  the  south  of  Sweden,  was  educated 
at  Lund,  where  he  was  early  made  demonstrator  of  Botany,  and 
was  translated  to  Upsal  more  than  forty  years  ago,  where  he 
occupied  the  chair,  not  of  Botany,  but  of  Practical  Economy, 
answering,  we  suppose,  to  Rural  Economy.  He  was,  nevertheless, 
the  greatest  Swedish  botanist  since  Linnseus,  and  the  last  survivor 
of  those  whose  teachers  were  taught  by  Linnseus.  He  began  to 
publish  on  Pliaenogamous  Botany  in  the  year  1814,  in  which  de- 
partment he  was  high  authority  to  the  last;  but  soon  took  up 
Lichens  and  Fungi,  in  the  latter  of  which  his  knowledge  was  un- 
rivalled and  his  judgment  wonderfully  correct,  considering  that 
his  studies  were  unaided  by  the  compound  microscope.  His 
last  work  of  any  consequence  was  a  new  edition  of  his  Hymeno- 
mycetes  Europfei^  of  which  he  wrote  the  preface  on  his  Slst  birth- 
day, August  15,  1874. 

LuDwia  Pfeiffkr,  of  Cassel,  died  at  the  beginning  of  the 
year,  at  the  age  of  72.  He  wrote  on  Cactece,  and  published  a 
Synonyraia  Botanica. 

Andrew  Murray,  a  writer  to  the  signet  at  Edinburgh,  where 
he  was  born,  died  January  10,  1 878,  at  the  age  of  66.  He  was  an 
entomologist  more  than  a  botanist ;  but  he  came  up  to  London  to 
become  the  acting  Secretary  of  the  Horticultural  Society,  and 
became  learned  in  ConifercB^  publishing  a  volume  on  the  T^nes 
and  Firs  of  Japan  in  1863,  and,  later,  various  articles  upon  the 
Coni/ercf  of  our  Pacific  Coast. 

Andrew  Bloxam,  an  English  clergyman,  one  of  the  earliest  of 
the  critical  investigators  of  Rubiis^ — a  genus  which  perplexes 
European  botanists, —  died  February  2,  1877,  at  the  age  of  76. 

Francois  Vincent  Rasp  ail,  whose  name  has  for  many  years 
past  been  associated  with  radical  politics,  was  in  earlier  years  a 
keen  but  eccentric  botanist.  His  memoir  on  the  Grasses,  with  a 
new  classification,  was  published  at  Paris  in  the  year  1825 ;  his 
new  system  of  Vegetable  Physiology  and  Botany  in  1837.  He 
died  at  Arcueil,  near  Paris,  January  6,  1877,  at  the  age  of  87. 

SuLPiz  KuRZ,  Curator  of  the  Calcutta  Herbarium,  and  an 
active  botanist,  died  at  Palo-Penang,  January  15,  1878.  Age 
and  birth  unknown  to  us ;  but  he  was  a  pupil  of  von  Martins  at 
Munich,  and  went  early  to  Java,  whence  he  was  transferred  to 
British  India,  and  was  a  valuable  explorer.  His  Forest  Flora  of 
British  Burma,  in  two  volumes,  was  published  at  Calcutta  last 
year,  about  the  time  of  the  author's  death. 

M.  DuRiEU  (de  Maisoinieuve),  long  the  director  of  the  Botanic 
Garden  at  Bordeaux,  author  of  many  botanical  and  vinicultural 
papers,  and  of  the  first  (Cry])togamic)  part  of  a  Flora  of  Algeria, 
died  at  Bordeaux,  Feb.  20,  1878,  at  the  age  of  82. 

Charles  Pickering,  M.D.,  who  died  in  Boston  on  the  17th  of 
March  last,  in  the  7:ui  year  of  his  age,  and  to  whose  memory  a 
tribute  h«as  already  been  paid  in  this  Journal,  must  be  counted 
among  the  botanists,  although  most  of  his  life  was  devoted  to 
zoology,    anthropology,   and    cognate    studies.      His    extensive 


Botany,  179 

work  On  the  Geographical  Distribution  of  Plants  and  Animals  is 
a  collection  of  raatenals  for  the  study  of  the  subject ;  and  a  bulky 
Yolume  entitled  Man's  Record  of  his  own  Existence — the  printing 
of  which  was  in  progress  when  the  author  died,  and  whicn  is  not 
yet  published — is  largely  a  record  of  changes  in  the  habitat  of 
plants  effected  under  human  agency,  from  B.  C.  4491  down  to 
recent  times.     It  is  a  monument  of  wonderful  industry. 

MoBirz  Skubert,  Professor  of  Botany  at  Carlsruhe,  author  of 
a  Flora  of  the  Azores  on  Hochstetter's  collections  and  notes,  and 
of  a  monograph  of  Elatineoe^  also  of  several  monographs  in  the 
Flora  Brasiliensis,  died  April  6,  in  the  60th  year  of  his  age. 

Thomas  Thomson,  M.D.,  the  well-known  associate  of  Sir  Joseph 
Hooker  in  Himalayan  exploration,  and  in  the  Indian  Flora,  the 
explorer  of  Thibet,  sometime  Director  of  the  Calcutta  Botanic 
Grarden, — a  botanist  whose  career  of  high  promise,  was  sadly  cut 
short  by  ill  health — died  in  London  on  the  18th  of  April  last,  at 
the  age  of  60.  He  was  the  son  of  the  distinguished  chemist 
Thomas  Thomson,  of  Glasgow,  where  the  lamented  subject  of 
this  notice  was  bom  and  educated. 

GiovAXNi  Zanabdini,  Professor  of  Botany  at  Venice,  patriarch 
of  Italian  Phycologists,  died,  April  24,  at  the  age  of  74. 

RoBBBTO  DE  VisiANi,  Profcssor  of  Botany  in  Padua  for  many 
years,  author  of  a  Flora  Dalmatica,  and  of  many  interesting 
papers,  died  on  the  4th  of  May,  at  the  age  of  77. 

Babthblbmy  Chablbs  DuMobtiek,  of  Tournai,  Belgium — 
long  eoiinent  as  a  statesman  as  well  as  botanist  (the  leader  of  the 
clerical  party  in  Belgium  politics),  and  greatly  esteemed  as  a 
man — died  tfuly  9,  in  his  82d  year.  His  earliest  papers  bear  the 
date  of  1822;  he  published  on  HepcUicce  in  1831,  and  again  in 
1871.  He  published  on  Grasses  in  1823  and  again  in  1868.  He 
brought  out  a  new  and  elaborate  classification  of  fruits  in  1835. 

Elias  Bobszczow  (whose  name  we  could  not  presume  to  pro- 
nounce). Professor  of  Botany  and  Director  of  the  Botanic  Garden 
of  Kiew,  in  Southern  Russia, — who  in  1858  botanically  explored 
the  Aral-Caspian  desert,  and  published  a  monograph  of  the  plants 
yielding  galbanum  and  assa-foBtida, — died  on  the  12th  of  May. 

James  McNab,  Curator  of  the  Edinburgh  Botanical  Gardens, 
as  was  his  father  before  him,  sometime  President  of  the  Edinburgh 
Botanical  Society,  the  most  accomplished  of  cultivators,  and  a 
well-informed  botanist,  died  on  the  20th  of  November,  in  his  69th 
year.  We  well  remember  his  visit  to  the  United  States  in  the 
year  1834. 

Stephen  T.  Olxey,  of  Providence,  Rhode  Island,  died  July 
27,  1878,  at  the  age  of  66.  He  was  for  many  years  one  of  the 
most  active  local  botanists  of  this  country;  published  in  1845  a 
Catalogue  of  Rhode  Island  Plants,  with  continuations  and  emen- 
dations in  1846  and  1847;  a  List  of  Rhode  Island  Algae  in  1871 ; 
in  the  latter  years  of  botanical  activity  studied  Carices  with  criti- 
cal care  and  minuteness,  published  several  fascicles  of  Exsiccata^, 
admirably  prepared ;  and  formed  a  fine  and  ricli  herbarium  and 
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library,  which  he  gave  to  Brown  University.  To  it  also,  or  at 
least  to  his  native  State,  be  made  handsome  legacies  for  botanical 
instruction,  as  well  as  other  benevolent  bequests.  These  bene- 
factions, and  his  many  good  offices,  should  preserve  a  pleasant 
memory  of  a  useful  life,  the  end  of  which  was  obscured  and 
afflictea  by  mental  trouble.  In  Botany  his  name  is  commemorated 
by  a  remarkable  Leguminous  tree  of  Arizona  ( Olneya)  and  by 
several  species  of  his  own  discovery.  Mr.  Olney  was  unmarried, 
and  was  for  most  of  his  life  engaged  in  business,  at  first  in 
Augusta,  Georgia,  and  afterward  in  his  native  town. 

James  Watson  Robbins,  M.D.,  died  at  Uxbridge,  Massachusetts 
(where  he  resided  and  was  an  esteemed  physician  for  the  greater 
part  of  a  long  life),  on  the  9th  day  of  January,  1879,  at  the  age  of 
77.  With  the  exception  of  Dr.  Bigelow  he  was  the  oldest  New 
England  botanist,  and  perhaps  the  oldest  in  the  United  States; 
and,  within  his  range,  he  was  certainly  one  of  the  most  careful  and 
accurate.  He  was  a  colleague  of  William  Oakes,  who  had  the 
pleasure  of  naming  several  species  discovered  by  him  in  his  honor, 
and  he  had  an  extended  correspondence  with  all  our  botanists. 
He  collected  not  only  throughout  New  England,  but  in  Virginia 
and  Maryland,  where  he  resided  for  several  years  when  a  young 
man,  and  on  the  shore  of  Lake  Superior,  where  he  spent  four  years. 
Of  late,  he  devoted  his  attention  mainly  to  aquatic  phsBnogamoos 
plants,  especially  to  the  difficult  genus  Potamogeton,  He  contri- 
Duted  the  monograph  of  this  genus  to  the  last  edition  of  Gray's 
Manual.  He  first  detected  that  simplest  and  smallest  of  flowering 
plants,  Wolffia^  in  this  country.  His  excellence  and  amiability 
secured  the  attachment  of  all  who  knew  him.  He  was  bom  at 
Colebrook,  Conn.,  November  18,  1801,  graduated  at  Yale  College 
in  1822,  and  there  took  his  medical  degree  in  1828.  Tn  his  death 
we  have  lost  the  most  critical  student  of  the  botany  of  New  Eng- 
land and  the  Northern  Atlantic  States. 

Jacob  Bigelow,  the  most  venerable  of  botanists,  even  more  dis- 
tinguished as  a  physician,  a  cultivator  of  the  tine  and  useful  arts, 
and  a  scholar,  one  of  the  most  rounded  and  symmetrically  devel- 
oped men  of  his  time  and  place,  died  at  Boston,  on  the  10th  of 
January  ult.  The  notice  due  to  his  life  and  services  must  be 
deferred  to  the  next  number.  a.  g. 

IV.   Miscellaneous  Scientific  Intelligence. 

I.  Technologischea  Worterbuch ;  I.  Deutsch-Englisch-Franso- 
sisch ;  bearbeitet  von  E.  Althans,  L.  Bach,  u.  A.,  herausgegeben 
von  Carl  von  Albert,  mit  einem  Vorwort  von  Dr.  Karl  Karmarsch. 
Dritte  verbesserte  und  bedeutend  vermehrte  Auflage.  743  pp. 
8vo.  Wiesbaden,  1877.  (J.  F.  Bergmann;  B.  Westermann  &  Co. 
in  New  York.) — This  Technological  Dictionary  deserves  high  com- 
mendation both  for  its  completeness  and  its  accuracy.  The  sub- 
jects which  it  embraces  include  all  the  prominent  branches  as 
well  of  pure  as  of  applied  science,  so  that  the  work  is  alike  valu- 
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able  to  the  student  and  the  manafacturer,  the  technologist  and  the 
merchant.  This  volnme  gives  the  English  and  French  equivalents 
of  the  German  technical  and  scientific  words  and  expressions ;  the 
other  two  volumes  of  the  series  are  arranged  for  English  and 
French  readers  respectively.  The  names  of  seventeen  specialists 
are  given,  who  have  assisted  in  the  preparation  of  this  the  third 
edition  of  the  first  volume,  and  they  alone  are  a  sufficient  proof  of 
the  excellence  of  the  work. 

2.  Chromometry. — ^Under  this  name  Professor  Koenig  describes 
a  new  branch  of  quantitative  analysis  with  the  blowpipe.  The 
method  depends  upon  the  observations  of  the  color  produced  in 
the  borax  Dead  by  various  metallic  oxides,  with  the  "Chromom- 
eter** ;  in  the  hands  of  the  describer  it  is  made  to  yield  very  accu- 
rate results. — Amer,  Soc.  Philadelphia^  Oct.  4,  1878. 

8.  Additional  characters  of  the  Sauropoda;  by  O.  C.  Mabsh. — 
Beside  the  characters  of  the  Sauropoda^  already  made  known  by 
the  writer,*  others  of  importance  have  been  since  brought  to  light. 

The  skvlly  of  which  so  little  has  been  known  hitherto  in  the 
Dinosaurs,  presents  in  Morosaurus  grandis  some  strongly  lacer- 
tian  characters.  It  is  short,  high  and  narrow,  something  like  that 
of  the  Chameleon.  The  supra-occipital  is  very  large,  and  forms 
the  upper  part  of  the  foramen  magnum.  The  ex-occipitals  have 
lone  par-occipital  processes.  The  occipital  condyle  is  formed 
entirely  of  the  basi-occipital.  The  long  basipterygoid  processes 
are  of  the  lacertian  type.  The  quadrate  is  elongated,  very  slender 
above,  and  has  a  small  articular  head.  Below,  it  is  fixed  by  the 
pterygoid,  which  unites  with  it  by  suture.  On  the  outer  side  of 
the  quadrate,  below  the  middle,  the  quadrato-jugal  joins  it  by 
suture.  Its  posterior  end  is  cup-shaped,  with  the  cavity  opening 
outward,  and  partially  closed  by  a  thumb-like  process.  This  bone 
divides  in  front,  one  branch  going  upward,  and  the  other  forward, 
to  join  the  jugal  and  complete  the  lower  arch.  The  bones  of  the 
cranium  were  united  by  open  sutures,  and  there  are  large  paiietal 
fossie.  The  orbits  are  large,  and  there  is  a  vacuity  in  front  of  the 
lachrymal.  The  upper  jaws  are  especially  short  and  deep,  and  each 
maxillary  contained  nine  teeth.  The  nasals  and  premaxillaries 
were  narrow.  The  lower  jaws  were  not  coossified  at  the  sym- 
physis, and  each  dentary  bore  twelve  teeth.  This  bone  was  very 
deep  in  front,  and  pointed  behind. 

^pistemal  bone. — A  bone,  found  with  the  remains  of  Apato- 
saurus  o/oo;,  so  strongly  resembles  the  episternal  element  in  lizards, 
that  it  must  be  regarded  as  an  episternal  bone.  It  is  cruciform  in 
shape,  and  symmetrically  bilateral.  The  posterior  process  is  ab- 
ruptly truncated  ;  the  anterior  is  short  and  obtuse,  and  the  lateral 
processes  are  the  longest.  The  lower  sui'face  of  this  bone  is 
slightly  convex  on  the  median  line,  and  more  strongly  convex 
transversely.  The  upper  surface  and  sides  indicate  that  it  was 
surrounded  mainly  by  cartilage.  By  this  interpretation  of  the 
bone,  the  posterior  truncated  process  abutted  against  the  sternum, 

*  This  Journal,  vol.  xvi,  p.  411,  and  vol.  xvii.  p.  86. 
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the  posterior  reentrant  angles  were  met  by  the  coracoids,  or  the 
intervening  cartilage.  This  would  leave  the  anterior  concavities 
for  clavicles,  no  evidence  of  which  has  hitherto  been  found  id 
Dinosaurs.  Their  existence  in  ApcUosaurua^  if  not  in  other  Sauro- 
poda,  seems  therefore  a  necessity.  The  large  rugose  facet  on  the 
anterior  projection  of  the  scapula  offers  the  natural  place  for  union 
with  that  bone.  No  clavicles  were  found  with  this  epistemal  bone, 
but  a  single  specimen  from  a  neighboring  locality  agrees  closely 
with  what  we  should  expect  the  corresponding  clavicle  to  be. 
These  interesting  remains  will  be  more  fully  described  by  the 
writer  in  another  communication. 
Yale  College,  January  22,  18*79. 

4.  Portrait  of  Humboldt, — An  excellent  portrait,  of  natural  size, 
painted  bv  Steuben,  belongs  to  Madame  de  Schcenfeld,  of  Paris, 
and  is  to  be  disposed  of.  It  should  be  in  some  of  the  Galleries  or 
Museums  of  this  country.  Information  respecting  it  may  be 
sought  of  the  distinguished  botanist,  K  Cosson,  7  Rue  Abbatucci, 
Pans. 
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Abt.  XXI. — On  the  VariabHiiy  of  the  UUimate  Molecule;  by 

Professor  W.  A.  Norton. 

I  PBOPOSE,  in  the  present  article,  to  adduce  numerous  facts 
which  seem  to  afford  decisive  evidence  that  the  ultimate  mole- 
cules of  bodies,  under  varying  conditions  of  pressure  and  other 
relations  to  surrounding  molecules,  are  subject  to  change  in  the 
intensities  of  the  forces  of  attraction  or  repulsion  they  are  capa- 
ble of  exerting,  at  a  given  distance,  on  such  contiguous  mole- 
cules ;  while  retaining  the  same  temperature  and  the  same 
chemical  constitution. 

The  first  evidence  I  shall  present  that  the  ultimate  molecule 
may,  under  certain  conditions,  experience  a  change  in  the  in- 
tensities of  its  active  forces,  is  derived  from  the  facts  and  phe- 
nomena of  the  set^  or  permanent  distortion  of  materials^  which  re- 
mains after  they  have  been  temporarily  subjected  to  a  force  of 
stress. 

Numerous  series  of  experiments  have  been  made  by  Fairbairn, 
Hodgkinson,  Chevandier  and  Wertheim,  Morin,  and  other  ex- 
perimenters, the  writer  included,  with  the  view  of  determining 
the  amount  of  set  experienced  by  various  materials,  after  a 
certain  fraction  of  the  breaking  load  has  been  applied  and 
withdrawn ;  and  of  ascertaining  all  the  laws  of  the  set,  under 
varying  loads,  variations  in  the  duration  of  stress,  varying  con- 
ditions in  the  application  of  repeated  stresses,  eta  The  follow- 
ing are  some  of  the  principal  facts  and  laws  that  have  been  ex- 
perimentally determined. 

(1.)  If  a  bar  of  any  material  (e.   g.   wood,  iron,  or  steel)  be 

subjected  to  varying  forces  of  .stress — whether  tensile,  compres- 
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sive,  or  transverse — increasing  progressively  from  a  small  frac- 
tion of  tbe  breaking  load,  on  the  removal  of  the  load  a  certain 
set  will  remain,  which  will  increase  steadily  with  the  amount 
of  the  load.  The  progressively  increasing  set  will  be  propor- 
tional to  a  power  of  the  load  which  varies,  more  or  less,  from 
one  material  to  another,  and  for  the  same  material  with  the 
ratio  of  the  load  to  the  breaking  weight  The  law  of  variation 
falls,  in  general,  between  the  first  and  fourth  power  of  the  load; 
but  when  the  stress  is  a  large  fraction  of  the  breaking  load,  the 
set  may  increase  according  to  a  much  more  rapid  law.  This  is 
strikingly  true  of  wrought  iron. 

(2.)  There  ia,  strictly  speaking,  no  definite  limit  of  elasticity, 
that  is,  no  minimum  limit  of  the  load  below  which  no  set  results. 
This  fact  was  decisively  made  out  by  Hodgkinson  in  his  ex- 
periments on  the  behavior  of  wrought  iron  under  a  tensile 
stress,  by  Chevandier  and  Wertheim  in  their  extensive  course 
of  experiments  on  numerous  varieties  of  wood,  variously 
strained,  and  in  the  writer's  experiments  on  the  set,  or  residual 
deflection,  of  bars  of  wood,  iron  and  steel,  after  a  transverse 
stress.  In  the  last  mentioned  series  of  experimental  determi- 
nations, a  perceptible  set  was  obtained,  with  each  material, 
immediately  after  the  stress  was  removed,  however  small  its 
amount,  until  it  fell  below  the  lowest  possible  determination  of 
which  the  apparatus  was  capable  (viz:  Tiiif  of  an  iDch) ;  and 
on  increasing  the  delicacy  of  the  measuring  apparatus  it  was 
found  that  the  least  perceptible  immediate  set  was  still  limited 
only  by  the  capability  of  detecting,  with  the  apparatus,  minute 
displacements. 

We  may  say,  then,  that  every  load,  however  small,  gives 
rise  to  an  immediate  set  ;*  and  that  the  set  increases  proffres- 
sivelv  with  the  load,  however  small  the  increments  of  load 
may  be,  up  to  the  point  of  ruptura  If  for  any  ordinary 
material,  there  is  a  limiting  load  below  which  no  immediate  set 
results,  such  limit  has  not  yet  been  determined. 

(3.)  The  set  augments  with  the  duration  of  the  stress,  up  to 
a  certain  interval  of  time.  When  moderate  strains  are  applied 
it  has  been  found  that  this  limiting  interval  may  vary,  with  the 
strain,  from  a  few  minutes  to  one  hour.  In  experiments  with 
white  pine  subjected  to  a  transverse  stress,  a  set  from  five  to 
nine  times  greater  was  obtained  by  prolonging  the  stress. 

(4.)  The  amount  of  the  set  does  not  remain  invariably  the 
same  for  an  indefinite  time  after  the  stress  is  withdrawn,  but  is 
subject  to  material  fluctuations.  If  very  small  it  may  pass 
off  entirely  in  a  few  minutes.  Otherwise,  after  decreasing 
for  a  short  interval  of  time  (from  5m.  to  20m.,  in  the  aathor^s 

*  By  immodiate  set  is  meant  that  which  obtains  immediately  after  the  stien  ii 
withdrawn. 


W.  A.  NorUm  —  Variability  of  (he  Ultimate  Molecule.     186 

experiments)  it  increases  for  a  longer  interval.  This  increase 
of  set  is  eventually  succeeded  by  another  decrease ;  'which  may 
again  be  followed  by  other  smaller  fluctuations  extending  over 
several  hours.  As  a  final  result  the  set  subsides  entirely,  or 
settles  into  a  permanent  value ;  according  to  the  amount  and 
duration  of  the  stress  applied. 

These  &cts  lead  unmistakably  to  the  conclusion  that  the 
molecules  of  the  materials  experimented  on,  as  a  result  of  the 
temporary  application  of  the  force  of  stress,  experienced  an 
abiaing  change  of  dimensions  or  mechanical  condition,  by 
reason  of  which  the  intensities  of  their  mutual  actions  no 
longer  remained  the  same  at  the  same  distance,  as  before  the 
stress  was  temporarily  applied,  and  hence  did  not  return  pre- 
cisely to  their  former  configuration  or  relative  positions ;  also 
that  this  molecular  chanse  increased  progressively  with  the 
amount  of  the  stress,  and,  to  a  certain  extent,  with  the  pro- 
longation of  the  stress ;  and  that  the  disturbed  molecules,  in 
acquiring  their  new  mechanical  condition,  fluctuated  more  or 
less  to  the  one  side  and  the  other  of  the  final  state  of  equilib- 
rium. To  make  this  more  evident,  let  us  consider  some^at  in 
detail  the  results  of  a  3ingle  series  of  experiments;  for  example, 
those  made  by  Captain  Rodman  (U.  S.  Army)  on  a  cylinder  of 
cast  iron,  35  inches  long  and  1'366  inches  in  aiameter,  subjected 
to  a  tensile  stress.  The  smallest  set  observed  was  tttVii  of 
the  length,  and  resulted  from  the  temporary  application  of  a 
tensile  stress  of  6,000  pounds  to  the  square  men.  This  stress, 
temporarily  applied,  had  then  the  effect  to  produce  an  abiding 
increase  of  ttttVut  i°  the  distance  between  two  contiguous 
molecules  in  the  line  of  stresa  Loads  increasing  by  1,000 
{K>unds,  from  6,000  pounds  to  25,000  pounds  per  square  inch, 
were  successively  applied  at  considerable  intervals  of  time,  and 
the  resulting  sets,  or  permanent  elongations,  increased  progres- 
sively from  TTTTfTj  ^  tAif  oi  the  length  ;  and  accordingly  the 
distance  between  contiguous  molecules  in  the  line  of  stress 
were  augmented  by  the  same  fractional  amounts.  The  direct 
operation  of  these  loads,  before  being  withdrawn,  augmented 
the  molecular  distances  by  fractional  amounts  varying  from 
iVii  ^  111'  T^ovj  this  bar  of  cast  iron  was  a  mass  of  mole- 
cules which,  whenever  no  external  stress  was  in  actual  opera- 
tion, must  have  been  in  equilibrium  under  the  operation  of 
antagonistic  forces  of  attraction  and  repulsion  exerted  by  the 
molecules,  and  yet  as  the  result  of  a  temporary  application  of  a 
series  of  increasing  loads,  twenty  in  number,  it  took  up  a  series 
Off  as  many  different  configurations,  in  which  the  distance  be- 
tween contiguous  molecules  in  the  line  of  stress  augmented 
Srogressively  from  ri-^^wi  ^  mAnr »  ®°^  ^^^^  although  the  actual 
isplacements  producea  by  the  suspended  loads  were  only  from 
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ttW  to  Iffy.     To  suppose  that  these  molecules,  during  all  these 
progressive  permanent  changes  of  mutual  distance,  continued 
to  exert  forces  of  mutual  action  varying  only  with  the  distance, 
is  to  suppose  that  they  were  capable  of  taking,  under  the  ope- 
ration of  such  forces,  constant  at  the  same  distance,  an  indefi- 
nite series  of  positions  of  equilibrium  differing  from  each  other 
bj'  exceedingly  minute  fractions  of  the  distances  between  the 
molecules.      The  absurdity  of  this  supposition   is  still  more 
apparent  when  we  consider  that  we  must  also  admit  that  the 
molecules  were  capable  of   being  in  equilibrium,  in   relative 
positions  which  it  required  at  the  outset  certain  forces  of  stress 
to  bring  them  into,  although  the  inherent  molecular  forces  are 
not  supposed  to  have  changed.     Without  violating  fundamental 
principles  of  Statics,  we  cannot  escape  from  the  conclusion  that 
the  molecules  must  have  undergone  some  change,  under  the 
operation  of  the  temporary  strains  developed  within  the  bar  by 
the  external  stress,  by  reason  of  which  they  exerted  mutual 
actions  that  had  no  longer  the  same  intensity,  at  the  same  dis- 
tance, as  before  the  stress  was  applied.     To  suppose  that  the 
bar  was  not  homogeneous  throughout,  would    here  be  of  no 
avail,  for  whatever  its  inequalities  of  constitution  or  texture,  at 
all  points  of  its  mass  the  equilibrium  must  obtain  under  the 
operation  of  the  inherent  forces  of  the  molecules  there  present, 
whether  like  or  unlike.     Besides  the  fact  of  a  progressive  in- 
crease of  set,  by  minute  degrees,  while  the  stress  augments  by 
small   fractions  of  the  breaking  load,  is  found    to  hold  good 
whether  the  body  is  in  the  condition  of  <!ast  iron,  or  wrought 
iron,  or  wood    (a  material  that    has   resulted  from  a  natural 
growth).     This  statement  also  disposes  of  the  conjectural  ex- 
planation of  the  phenomena  of  set  which  has  sometimes  been 
given,  that  they  are  attributable  to  a  relief  of  the  particles  of 
the  body  from  internal  strains  subsisting  before  the  stress  is 
applied.     For,  if  it  were  possible  to  form  any  distinct  concep- 
tion of  such  internal  strams  that  could  give  rise  to  such  phe- 
nomena, it  is  idle  to  suppose  that  all  varieties  of  material,  and 
all  the  diveree  specimens  of  the  same  material,  are  habitually 
in  similar  states  of  internal  strain.     On  the  other  hand,  if  we 
admit  that  the  molecules  may  be  susceptible  of  variation  in 
their  mechanical  condition,  under  the  influence  of  their  mutual, 
effective  attractions,  or  repulsions,  when  forced  out  of   their 
relative  positions  of  equilibrium,  and  that  a  fraction  of  this 
molecular  change  may  abide  after  the  external  stress  is  with- 
drawn, we  have  a  simple,  general  explanation  of  the  phenomena 
of  set,  and  a  satisfactory  basis  for  a  definite  theory  of  imperfect 
elasticity.     A  body  which  is  imperfectly  elastic  under  a  certain 
external  force  of  stress,  would  be  simply  one  whose  molecules 
experience  a  sensible  permanent  change  of  mechanical  condi- 
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tion  as  the  result  of  the  operation  of  this  force  of  stress.  When 
the  load  is  removed  the  body  should  then  have  a  certain  set 

We  may  add  here,  incidentally,  that  all  facts  and  phenomena 
in  which  imperfect  elasticity  plays  anv  part  (e.  g.  the  prop- 
erties of  ductility,  malleability  and  plasticity),  are  so  many 
additional  evidences  of  variations  occurring  in  the  mechanical 
state  of  the  molecula 

A  second  general  evidence  that  the  ultimate  molecule  is 
liable  to  variation,  maybe  derived  from  the  observed  changes 
in  the  mechanical  properties  of  materials  {)roduced  by  tension, 
pressure,  heat,  etc.  Thus  the  enacity  of  iron  may  be  greatly 
increased  by  wire-drawing,  also  by  hammering  and  rolling  when 
heated.  This  is  generally  explained  by  saying  that  the  parti- 
cles have  been  brought  into  new  relative  positions ;  thougn  the 
effect  in  the  latter  case  is  attributed  in  part  to  the  removal  of 
impurities.  Such  an  explanation  is  little  better  than  a  state- 
ment of  the  fact  that  a  change  of  configuration  has  occurred, 
and  the  tenacity  has  in  consequence  increased.  It  neither 
states  what  the  change  of  configuration  is,  nor  why  it  is  possi- 
ble while  the  inherent  forces  of  the  molecules  are  supposed  to 
remain  the  same,  nor  why  it  should  be  attended  witn  an  in- 
crease of  tenacity. 

The  tenacity  of  bar  iron  may  also  be  materially  increased  by 
the  process  of  thermo-tension.  This  consists  in  subjecting  the 
bar  to  a  large  tensile  stress,  while  heated  to  about  400°  F.,  and 
then  allowing  it  to  cool  after  being  relieved  of  strain.  The 
tenacity  of  good  bar  iron  may  be  increased  from  12  to  20  per 
cent  by  this  process.  At  the  same  time  the  bar  has  become 
permanently  elongated  by  about  6  per  cent  The  precise 
amount  of  the  effect  varies  with  the  temperature  to  which  the 
bar  is  raised,  and  the  intensity  of  the  tensile  stress  applied. 
Shall  we  assume,  then,  that  the  molecules,  while  retaining  the 
same  forces,  have  taken  up  an  indefinite  series  of  positions  of 
equilibrium,  varying  progressively  with  the  number  of  degrees 
of  temperature  and  the  number  of  pounds  of  stress,  or  admit  at 
once  that  under  the  varying  conditions  of  temperature  and 
stress,  permanent  variations  in  the  intensities  of  their  active 
forces  must  have  taken  place,  and  thus  new  configurations  have 
become  possible,  attended  with  augmentations  of  tenacity.  In 
all  such  cases  it  must  be  borne  in  mind  that  the  displacements 
of  the  molecules  are  but  small  fractions  of  the  distances  be- 
tween them. 

We  will  add  that  the  well-known  effects  of  tempering  and 
annealing,  also  give  intimations  of  permanent  changes  effected 
by  variations  of  temperature  in  the  mechanical  condition  of  the 
individual  molecules. 

Let  it  not  be  understood  that  in  what  precedes,  the  intention 
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has  been  to  convey  the  idea  that  the  molecular  displacemeDts 
produced  by  wire-drawing  and  hammering,  and  the  permanent 
changes  of  mechanical  properties  that  may  resalt  from  the  ope- 
ration for  a  time  of  a  force  of  tension,  or  pressure,  or  a  change 
of  temperature,  must  be,  in  every  instance,  wholly  ascribed  to 
variations  of  molecular  condition;  but  that  such  variatioDs 
must  play  an  important  part  in  tbe  mechanical  processes  of 
change,  and  constitute  one  mechanical  feature  of  the  substances 
thus  specially  affected. 

Another  evidence  that  the  ultimate  molecule  has  tbe  prop- 
erty of  variability,  is  furnished  by  the  great  change  of  mechaD- 
ical  properties  that  sometimes  results  from  the  presence  in  a 
body  of  minute  quantities  of  other  substances  (e.  g.,  the  great 
changes  in  the  tenacity  and  other  properties  of  steel,  attendant 
on  slight  variations  in  the  percentage  of  carbon  associated  with 
the  iron ;  and  in  the  tenacity  of  iron  or  steel  resulting  from 
slight  differences  in  the  percentt^e  of  man^nese,  phosphorus, 
etc.)  According  to  the  results  of  the  expenments  of  Kirkalcfy 
on  Fagersta  steel  (Sweden),  the  union  ot  0'5  per  cent  (or  yj^) 
of  carbon  with  the  iron  augmented  the  tenacity  of  the  ham- 
mered bars  from  j  to  |,  and  an  increase  in  the  quantity  of 
carbon  from  0*5  per  cent  to  1  per  cent  (from  jp^  to  tJt)  ^'^R' 
mented  the  tenacity  from  ^  to  ^.  The  presence  of  yj^r  by  weight 
of  carbon,  would  give  only  one  chemical  molecule  of  carbon  for 
every  forty- three  chemical  molecules  of  iron  ;  and  of  y^?  only 
one  molecule  of  carbon  to  every  twenty-one  molecules  of  iron. 
The  following  table,  extracted  from  the  Article  on  Steel,  in 
Johnson's  Cyclopedia,  by  Mr.  A.  L.  Holley,  gives  the  compara- 
tive effects  on  the  mechanical  qualities  of  steel  of  several  differ- 
ent proportions  of  carbon. 


Fagenta  (Sweden). 


I 


Qaanilty  of 
Carbon. 

1-00  p.  C 

0*70  p.  C. 

0-45  p.  c. 

0-36  p.  c. 

0-30  p.  C. 

Ay.  Breaking 
Load. 


Per  centage  of 
Stretching. 


Nenborg  (Austria). 


lbs.  per  «q.  in. 
126,  486  to 
146,  383 
100,  905  to 
130,  750 

99,  404  to 
103,  747 

68,  217  to  :12p.  c. 

69,  638        I 

59,690  to  |]  I  to  22  p.  c. 
62,  533 


2  to  6  p.  c. 
4  10  6  p.  c. 
9  to  10  p.  c. 


Qaantlty  of 
Carbon. 


0-88  to  1-12 
0-62  to  0-88 
0-38  to  0-62 
015  to  0-38 
005  to  015 


Ay.  Breaking  i  Per  osatugt  of 
Load.        '     Stretcbug. 


Ibt.  per  sq.  In. 
126,  486  to 
149,  226 
103,  747  to 
126,486 

80,  298  to 
103,747 
68,217  to 
80,  298 

5(:,  848  to 

68,217 


5p.  c. 

5  to  10  p.  c. 
1 0  to  20  p.  c. 
20  to  25  p.  c. 
25  to  30  p.  a 


It  will  be  seen  that  with  the  Fagersta  steel  an  increase  in  the 
proportion  of  carbon  from  0*30  of  1  per  cent  to  1  per  cent  (or 
T?i)  more  than  doubled  the  tenacity  ;  and  that  with  the  Neu- 
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barg  Bteel  an  increase  in  the  proportion  of  carbon  from  0*16 
per  cent  to  1*12  per  cent  (or  about  rh)  augmented  the  tena- 
city in  the  ratio  of  2}  to  1. 

It  has  been  shown  by  recent  experiments*  that  an  increase 
in  the  percentage  of  manganese  in  Bessemer  steel  from  0*6 
per  cent  to  1  per  cent,  while  the  percentage  of  carbon  and  phos- 
phorus remain  the  same,  may  augment  the  tenacity  of  the  steel, 
when  untempered,  by  one-finh,  and  when  tempered  in  oil  bj 
one-quarter.  In  this  case  but  one  molecule  of  manganese  is 
added  to  eyery  two  hundred  molecules  of  iron. 

The  magnitude  of  these  variations  of  tenacity  is  greatly  dis- 
proportionate to  the  quantity  of  carbon,  or  manganese,  associated 
with  the  iron.  Nor  can  such  mechanical  effects,  increasing 
progressively  with  the  percentage  of  the  ingredient,  be  reason- 
ably attributed  to  continued  variations  in  the  number  of  atoms 
in  the  physical  molecules,  or  in  the  configurations  of  unvary- 
ing molecules.  It  would  seem  that  their  possibility,  on  physical 
grounds,  can  only  be  conceived  by  admitting  that  the  iron 
molecules,  which  combine  with  the  carbon  molecules,  suffer  in 
consequence  some  physical  change  by  reason  of  which  the  in- 
tensities of  their  attractive  actions  on  surrounding  molecules 
are  increased,  and  that  these  molecular  changes  extend,  by 
propagation  from  one  molecule  to  another,  throughout  the 
entire  mass. 

Additional  intimations  that  the  ultimate  molecule  has  the 
property  of  variability,  are  furnished  by  certain  facts  in  Ckem- 
ioal  Physics, 

(1.)  In  solution,  solids  assume  the  mechanical  properties  of 
liquids.  The  entire  mass  of  the  solution  is  in  the  liquid  state, 
and,  to  all  appearance,  the  molecules  of  the  dissolvea  solid  are 
as  truly  in  the  liquid  condition  as  those  of  the  solvent  The 
molecules  of  the  solid  have  not  suffered  any  change  of  chem- 
ical composition.  The  natural  inference  then  is,  that  they  have 
experienced  a  change  of  mechanical  condition.  The  alterna- 
tive supposition  is  that  the  physical  molecules  of  the  solid  are 
more  complex  than  the  chemical  molecules,  and  in  the  process 
of  solution  are  broken  up  into  others  less  complex,  which,  in 
their  association,  have  the  mechanical  properties  of  a  liquid. 

(2.)  Certain  elementary  substances  have  the  property  of 
Allotropy^  that  is  of  assuming,  under  varying  circumstances, 
different  states  or  forms  in  which  they  exhibit  very  different 
physical  and  chemical  properties.  Sulphur,  phosphorus,  oxy- 
gen, and  carbon,  may  be  cited  as  conspicuous  examples. 
"Several  other  elements  are  known  to  be  capable  of  existing  in 

*  On  the  Effects  of  PhoBphorus  and  Manganese  on  the  Mechanical  Properties 
of  Steel ;  by  M.  Euyerte  (Van  Nogtrand's  Engineering  Magazine,  April,  1878,  p. 
363,  etc.). 
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two  or  more  allotropic  states.  iDdeed,  instances  of  allotropj 
are  so  common  that  some  chemists  have  been  led  to  believe 
that  most,  if  not  all,  of  the  elements  may  exist  in  distinct  allo- 
tropic states.''  In  some  cases  (e.  g.,  sulphur,  phosphorus  and 
carbon)  the  substances  occur  in  diflFerent  states  of  solidifica- 
tion— crystalline,  vitreous,  or  amorphous — that  is,  their  mole- 
cules occupy  diflFerent  relative  positions  of  equilibrium.  Now 
the  capability  of  taking  up  these  diflFerent  positions  is  an  inti- 
mation of  a  probable  difference  in  the  mechanical  condition  of 
the  ultimate  molecule?.  **  Diversity  of  crystalline  structure,  or 
its  entire  absence,  is,  however,  evidently  only  one  of  the  many 
diflFerences  of  properties  incidental  to  allotropism;  in  many 
cases  it  must  be  regarded  as  a  consequence  of  the  latter,  by  no 
means  its  cause.  At  all  events  the  cases  of  allotropism  which 
occur  among  the  gases,  cannot  be  explained  by  this  theory" 
(i.  e.,  by  a  mere  diflFerence  of  molecular  arrangement)  TPbe 
diverse  chemical  properties  generally  exhibited  in  the  difierent 
allotropic  states  of  a  substance  must  apparently  be  attributable 
to  diversities  in  the  condition  of  the  individual  molecules ;  and 
so  be  regarded  as  evidence  in  support  of  the  doctrine  of  the 
variability  of  molecules.  In  fact  Berzelius  suggested  the  term 
allotropism  as  expressive  of  the  idea  that  the  diversities  of 
property  observed  might  depend  on  some  absolute  di£Ference  of 
quality  in  the  diflFerent  varieties  of  a  substance,  and  not  upon 
any  dissimilarity  in  the  arrangement  or  number  of  its  mole- 
cules ;  and  we  are  told  "  that  this  idea  has  ever  since  steadily 
gained  favor,  although  directly  opposed  to  the  doctrine  of  the 
immutability  of  matter,  one  of  the  principal  tenets  on  which 
the  chemistry  of  the  first  half  of  the  century  was  based." 

While  in  allotropism  we  have  the  significant  fact  that  the 
same  element  can  exhibit  the  properties  of  two  diflFerent  sub- 
stances, we  have  in  isomerism  a  kindred  fact, — that  the  same 
substances  combined  in  precisely  the  same  proportions  may 
form  two  or  more  compounds  differing  widely  from  each  other 
in  their  chemical  and  physical  properties.  Whatever  may  be 
the  supposed  differences  of  molecular  arrangement  in  these 
varying  compounds,  such  differences  must  apparently  find  their 
eflftcient  cause  in  varied  mechanical  and  physical  states  assumed 
by  the  individual  molecules  of  the  constituent  substances. 
That  varying  circumstances  of  combination  should  suflSce  to 
determine  all  the  supposed  diversities  of  arrangement  of  mole- 
cules, while  the  combining  ** chemical  atoms"  retain  the  same 
intensity  of  mutual  action,  seems  in  the  highest  degree  improb- 
able. In  many,  if  not  all  the  cases  of  isomerism,  there  mast 
apparently  be  a  true  allotropy,  or  change  of  state  of  the  ulti- 
mate molecule  of  the  different  elements  combined. 

In  corroboration  of  the  evidence  of  the  variability  of  mole- 
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cules  famished  by  allotropism  and  isomerism,  we  may  mention 
that  "many  well  known  substances  exhibit  diflFerencesin  hard- 
ness, color,  specific  gravity,  solubility,  etc.,  according  to  the 
circumstances  in  which  they  are  produced." 

(8.)  Some  substances  in  the  nascent  state  exhibit  chemical 
properties,  which  they  do  not  possess,  or,  if  at  all,  only  in  an 
inferior  degree,  in  the  ordinary  free  state.  Thus  oxygen, 
hydrogen,  and  nitrogen,  are  much  more  active,  chemically,  in 
tfie  nascent  than  in  the  free  state.  We  must  then  suppose  that 
the  chemical  molecules  either  differ  in  these  two  states,  in  the 
number  of  their  constituent  atoms,  or  in  the  physical  and 
mechanical  condition  on  which  their  chemical  activities  depend, 
without  any  difibrence  in  the  number  of  constituent  atoms. 
The  former  supposition  involves  the  improbable  hypothesis 
that  the  same  atoms  regarded  as  endued  with  inherent  forces  of 
a  contttant  intensity,  may  take  up  two  or  more  difierent  relative 
positions  of  equilibrium. 

The  citation  of  facts,  mechanical,  physical,  and  chemical, 
which  furnish  evidence  that  the  ultimate  "molecule  is  liable  to 
variation,  might  be  extended  almost  indefinitely.  In  fact,  in 
every  change  of  state  which  a  body  may  experience,  and  in 
almost  every  change  of  physical  relation  to  other  substances, 
the  active  forces  exerted  by  the  molecules  on  one  another  are 
different  in  intensity — though  the  temperature  remain  the  same ; 
and,  in  general,  after  the  body  has  been  subjected  to  any  me- 
chanical process,  the  molecules  manifest  difierent  intensities  of 
mutual  action.  Many  physical  processes  are  attended  with 
similar  results.  Some  of  these  variations  of  molecular  con- 
dition have  been  conjecturally  explained  by  the  vague  hypothe- 
sis that  the  particles  are  differently  arranged — either  that  the 
existing  molecules,  regarded  as  groups  of  kindred  atoms,  take 
on  different  configurations,  or  become  broken  up  and  replaced 
by  othera  But  others  are  of  such  a  character  that  this  expla- 
nation is  wholly  inadmissible  (see  p.  185) ;  and,  in  general,  no 
definite  theory  is  offered  of  a  mechanical  process  by  which  such 
supposed  changes  in  the  constitution  of  the  molecules  may  be 
brought  about 

If,  in  view  of  the  array  of  evidence  that  has  now  been  pre- 
sented, it  be  admitted  that  the  ultimate  molecule  has  the 
property  of  variability,  in  the  sense  that  has  been  defined,  under 
varying  mechanical  relations  to  other  molecules,  and  the  mole- 
cule be  regarded  merely  as  a  group  of  kindred  atoms,  then  we 
must  conclude  that  t/iese  atoms  are  also  variable^  after  the  same 
manner  as  the  molecule  itself.  For  it  is  obvious  that  a  group 
of  kindred  atoms  cannot  exercise  an  external  action  varying  in 
intensity  at  a  given  distance,  and  increasing  progressively  with 
the  amount  of  change  experienced  in  its  mechanical  relations 
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to  surrounding  molecules,  if  the  inherent  atomic  forces  suffer 
no  changa  But  to  suppose  that  the  inherent  atomic  forces 
vary  in  intensity  at  a  given  distance,  is  to  discard  the  ordinary 
conception  oE  the  atom,  which  is  that  it  is  not  only  invariable 
in  its  mass  and  volume,  but  also  in  the  intensity  of  action, 
whether  attractive  or  repulsive,  it  is  capable  of  exerting  oq 
another  atom  at  a  given  aistance  from  it  We  are  accordingly 
constrained  to  regard  the  elementary  parts  of  molecules,  which 
have  received  the  designation  of  atoms  ("chemical  atoms") 
as  in  reality  liable  to  variation  in  their  capabilities  of  mechaoi- 
cal  action.  But  we  are  not  therefore  under  the  necessity  of  re- 
jecting the  fundamental  idea  of  invariable  atoms,  for  we  may 
instead  regard  the  "chemical  atom"  as  consisting  of  a  true 
atom  of  ordinary  matter  invested  with  an  ethereal  atmoBpfaere, 
and  thus  as  being  an  organized  mechanical  system,  that  may  be 
capable  of  variation  in  its  dimensions  and  force  of  external 
action  at  the  unit  of  distance,  with  varying.extemal  relations — 
though  the  inherent  forces  of  all  the  atoms  in  the  system  re- 
main unchanged.  This  is  the  general  conception  of  the  "  chem- 
ical atom  "  wnich  I  have  adopted  in  my  papers  on  Molecular 
Physics.*  Upon  this  view  the  chemical  atom,  and  the  mole- 
cule (chemical  or  physical)  have  the  same  general  constitutioD, 
and  differ  only  in  the  precise  mechanical  state  of  the  ethereal 
atmosphere  that  invests  the  atom  proper.  To  this  last  element 
of  bodies,  incapable  of  change  in  its  mass  as  measured  by  its 
weight,  I  have  given  the  designation  of  the  uUimaie  molecule. 
The  mutual  actions  of  ultimate  molecules  constitute  the  mole- 
cular forces ;  and  so  include,  taken  in  the  most  comprehensive 
sense,  the  mutual  actions  of  ultimate  molecules  in  the  differ- 
ent state  answering  to  the  " chemical  atom,''  "chemical  mole- 
cule," and  "  physical  molecule."  Upon  this  hypothesis,  with 
regard  to  the  constitution  of  the  chemical  atom  and  molecule, 
it  is  the  investiture  of  the  atom  proper  with  an  ethereal  atmos- 
phere that  has  armed  it  with  the  power  of  operating  on  adja- 
cent atoms ;  and,  at  the  same  time,  imparted  to  it  its  properties 
with  respect  to  the  physical  agents  of  light,  heat  and  electri- 
city. The  definite  conception  I  have  formed  of  the  constitu- 
tion of  this  ethereal  atmosphere,  is  not  that  it  is  simply  a  mass 
of  laminiferous  ether  condensed  around  the  atom.  Such  an 
atmosphere,  perfectly  elastic,  would  be  incapable  of  pennanent 
change  as  a  consequence  of  temporary  vanations  of  external 

f)re8sure.  Besides,  while  researches  in  Physical  Optics  have 
ed  to  the  conclusion  that  the  atoms  of  bodies  are  probably 
surrounded  by  such  atmospheres,  electric  phenomena  give  inti- 
mation of  the  presence  in  bodies,  and  in  intimate  association 
with  their  molecules,  of  a  subtile  fluid  termed  the  "electric 

♦  This  Journal,  July,  1864,  and  May,  1872. 
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fluid/'  or  ether.  It  has  been  shown  by  physicists  that  certain 
of  these  phenomena  do  not  absolutely  require  the  admission  of 
an  ether  distinct  from  the  luminiferoas,  but  the  same  cannot  be 
said  of  electric  phenomena  in  seneraL  Moreover,  all  the 
efforts  hitherto  made  to  explain  electric  phenomena  by  hypo- 
thetical motions  of  the  atoms  of  bodies,  have  proved  futile. 
No  definite  physical  theory  of  electricity  has  been  framed  that 
does  not  involve  the  conception  of  a  subtile  electric  fluid,  the 
atoms  of  which  repel  each  other,  and  are  attracted  by  those  of 
ordinary  bodies ;  and  we  have  as  yet  no  sufficient  reason  for 
abandoning  the  original  hypothesis  that  this  fluid  is  distinct 
from  the  luminiferous  ether.  If,  then,  there  be  an  electric  ether 
distinct  from  the  luminiferous  and  presumably  less  subtile  (i.  e. 
made  up  of  larger  atoms)  the  ethereal  atmosphere  condensed 
around  an  atom  b^  its  attractive  action,  should  consist  of  an 
atmosphere  of  luminiferous  ether  and  an  envelope  of  electric  ether 
immersed  within  this  for  a  certain  depth.  Such  is  the  definite 
conception  I  have  adopted  of  the  constitution  of  the  molecular 
atmosphere.  It  may  be  characterized  as  an  ethereo-electric 
atmosphere.  From  this  combined  with  the  fundamental 
hypothesis  that  recurring  impulses  are  incessantly  exerted  on 
one  another,  by  all  the  atoms,  ethereal  and  non-ethereal,  that 
make  up  the  ultimate  molecule,  I  have  deduced  the  operation 
of  certain  molecular  forces.  The  two  ethers  condensed  around 
the  atoms,  and  pervading  the  interstices  between  them,  are 
constituted  as  media  capable  of  transmitting  wave  actions,  by 
the  permanent  statical  repulsion  exerted  between  their  atoms. 
The  recurring  impulses  just  fcientioned  originate  such  wave 
actions  which  are  propagate  from  one  molecule  to  another. 
The  attractive  impulses  exerted  by  the  central  atom  of  a  mole- 
cule on  its  electnc  envelope,  originate  in  it  waves  that  take 
effect  attractively  on  contiguous  molecules.  On  the  other 
hand,  the  repulsive  impulses  exerted  by  the  atoms  of  the  en- 
velope on  each  other,  originate  waves  that  take  effect  re- 
pulsively on  these  molecules.  In  considering  the  action  of  one 
molecule  on  another  contiguous  to  it,  the  virtual  center  of  the 
first  system  of  waves  will  be  somewhat  without  the  inner  sur- 
face of  the  envelope,  and  that  of  the  other  system  somewhat 
within  its  outer  surface — both  centers  being  on  the  line  of  the 
centers  of  the  two  molecules.  It  is  farther  to  be  observed, 
that  the  subsidences  of  the  envelope,  induced  by  the  attractive 
impulses  from  the  central  nucleus,  should  originate  waves  in 
the  dense  luminiferous  ether,  posited  below  the  envelope, 
which  would  be  propagated  indefinitely  outward  and  take 
effect  on  the  contiguous  molecule  as  repulsive  pulses.  But 
this  system  of  wave-actions  may  be  combined  witn  the  attrac- 
tive system   into  resultant  attractive  actions.     The  different 
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sets  of  waves,  emanating  from  different  virtual  centers,  will  be 
propagated  according  to  the  law  of  inverse  squares.  The 
effective  action  of  one  molecule  on  a  contiguous  one  will  be  the 
difference  between  the  resultant  attractive  action  just  men- 
tioned, and  the  opposing  action  of  the  system  of  repulsive 
waves  first  mentioned.  The  following  is  the  general  expression 
for  this  yorcc  of  effective  molecular  action.* 

n(8r'4-2ng)      _  m 
•'—   (r+a;)'(2r+a5)'       a"     -  ^^ 

in  which  x  denotes  the  distance  between  the  molecular  en- 
velopes, r  the  distance  between  the  center  of  the  system  of  re- 
pulsive waves  first  mentioned  and  that  of  the  system  of  attrac- 
tive waves,  n  the  coefficient  of  attraction,  and  m  that  of  re- 
pulsion. If  we  put  x=ur,  —  =i,  and  -5=2>i  this  expression 
becomes 

The  first  term  represents  the  attractive  action,  the  other  the  re- 
pulsive. I  propose,  in  a  subsequent  paper,  to  apply  to  this 
physical  formula  numerous  quantitative  and  qualitative  test&f 
From  the  point  of  view  taken  in  the  present  discussion 
the  important  question  here  arises,  whether  the  ultimate  mole- 
cule as  it  has  been  defined,  endued  with  the  forces  of  external 
action  just  specified,  is  susceptible  of  permanent  variation,  and 
if  so,  how?  It  is,  in  feet,  not  cj^fficult  to  see  that  it  maybe 
subject  to  variation  in  its  dimensions,  and  in  the  coefficients 
(r/  and  m)  of  its  attractive  and  repulsive  wave  impulses,  under 
variations  of  pressure.  Suppose  that  the  external  pressure  is 
increased,  and  the  ultimate  molecules  are  thus  urged  nearer  to 
each  other,  the  molecular  envelopes  will  in  consequence  be 
comprassed,  and  the  dimensions  of  the  molecules,  as  well  as 
their  coefficients  of  attraction  and  repulsion  be  altered.  When 
the  compressing  force  is  withdrawn,  if  the  dense  luminiferous 
ether  posited  between  the  envelopes  and  the  central  atoms  of  the 
ultimate  molecules  has  been  merely  compressed  without  any 
diminution  of  its  quantity,  the  envelopes  snould  return  to  their 
original  position,  and  the  coefficients  of  attractive  and  repul- 
sive wave  actions  to  their  original  value,  and  the  molecules 
would  return  to  their  original  relative  positions  ;  but  in  fact  a 
portion  of  this  dense  ether  will  be  urged  outward  between  the 
atoms  of  the  envelopes,  and  so  when  the  recoil  comes  on,  the 

*  See  this  Journal,  July,  1864,  p.  68,  and  May,  1872,  p.  338. 

f  A  paper  embodying  the  principal  resulu  obtained  in  the  application  of  the 
tests  here  referred  to,  was  read  before  the  National  Academy  of  Sciences  at  Uie 
meeting  in  April  last 
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envelopes  may  fail  to  reach  their  original  distance  from  the 
central  atoms.  The  dimensions  of  the  molecales,  as  a  whole, 
may  thus  be  permanently  diminished,  and,  in  consequence,  the 
distance  between  the  centers  of  contiguous  molecules  at  which 
the  opposing  molecular  actions  counterbalance  each  other  be 
permanently  less.  The  coefficients  n  and  m  (ea.  1)  should 
also  be  more  or  less  altered,  and  thus  the  neutral  distance  x 
between  the  contiguous  envelopes  at  which  the  effective  force 
/  becomes  zero,  should  vary.  From  the  combined  operation  of 
these  two  causes,  the  relative  positions  of  equilibrium  of  the 
molecules  should  be  more  or  less  altered.  If  a  force  of  tension 
be  applied  to  the  body,  a  permanent  change  of  an  opposite 
charac^r  may  ensue. 

It  still  remains  to  be  seen  how  far  the  molecular  theory 
that  has  been  set  forth,  can  be  reconciled  with  chemical  facts. 
This  question  opens  too  wide  a  field  for  present  discussion  even 
in  the  most  cursory  manner,  but  a  word  or  two  ought  to  be 
said  to  obviate  the  objection  that  may  at  once  occur  to  the 
reader  as  fatal  to  the  theory,  viz:  that  the  absolute  invaria- 
bility of  atoms  is  established  by  chemical  facts.  Strictly  speak- 
ing, these  facts  only  show  the  weight  of  the  atoms  to  be  inva- 
riable, and  that  they  exhibit  the  same  chemical  properties 
whenever  the  relations  to  other  atoms  are  the  same,  and  also  in 
certain  cases  (e.  g.  solution)  over  a  certain  range  of  variation  in 
such  relations;  provided,  also,  the  operation  of  the  physical 
agents  on  them  is  the  same.  But  this  does  not  precluae  the 
supposition  that  large  variations  of  their  mechanical  state  may 
occur  while  the  atoms  are  under  different  mechanical  and  phys- 
ical relations.  It  may  be  added  that  the  received  molecular 
formulas  of  substances  would  still  remain  the  same,  but  would 
have  a  different  physical  interpretation.  The  hypothesis  of  the 
breaking  up  of  complex  molecules  and  the  formation  of  new 
ones,  woula  be  replaced  by  the  simple  conception  of  the  con- 
traction or  expansion  of  molecular  envelopes,  with  attendant 
variations  of  the  volume  of  the  mass,  and  in  the  physical  and 
chemical  properties  of  the  ultimate  molecules,  which  now  play 
the  part  of  "chemical  atoms."  In  gaseous  compounds  the 
numoer  of  atoms  specified  in  the  molecular  formula  of  the 
compound,  would  represent  the  proportionate  degree  of  con- 
densation of  the  gaseous  mixture.  Thus,  when  two  volumes 
of  hydrogen  are  mixed  with  one  volume  of  oxygen,  and  by 
the  electric  spark  are  made  to  combine,  the  mixed  gases  would 
be  condensed,  by  reason  of  a  condensation  of  all  the  molecular 
envelopes,  and  thus  a  diminution  in  the  size  of  the  effective 
molecules,  into  a  space  two-thirds  that  occupied  by  the  mixture 
before  the  combination.  The  elementary  volume  of  the 
mass  would  contain  two  ultimate  molecules  ("chemical  atoms") 
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of  hydrogeD,  and  one  of  oxygen,  just  as  the  '*  molecular  vol- 
ame,''  in  the  received  chemical  theory,  contains  these  atoms. 
If  we  contemplate  this  general  conception  of  chemical 
phenomena,  deducible  from  our  general  molecular  theory, 
simply  in  the  light  of  a  representative  scheme,  it  must  be 
admitted  to  be  far  simpler  than  the  received  theory  ;  which  is, 
for  the  most  part,  only  a  scheme  of  hypothetical  transforma- 
tions supposea  to  be  m  some  inexplicable  way  effected  by 
a  force  of  "  affinity  "  or  "  chemism."  For  it  r^ards  the  mole- 
cule and  '*  chemical  atom  "  as  having  a  similar  physical  consti- 
tution, and  attributes  all  changes  of  chemical  properties  occm^ 
ring  in  such  molecules  to  contractions  or  expansions  of  their 
ethereal  envelopes,  and  attendant  variations  in  their  active 
forces,  under  the  operation  of  the  molecular  forces  and  physi- 
cal agents.  If  it  should  hereafter  be  made  apparent  that  the 
mechanical  relations  of  dissimilar  ultimate  molecules  may  in 
jhct  be  such  that  changes  in  the  dimensions  and  effective  forces 
of  the  molecules  may  supervene,  and  that  a  special  force  of 
attraction  may  come  into  operation  when  two  such  molecules 
come  into  juxtaposition,  it  will  be  seen  that  a  rational  basis  is 
offered  for  a  physical  theory  of  chemical  phenomena. 

Yale  College,  Oct  25,  1878. 


Akt.  XXIL — Mobius  on  Eozoon  Canadense  ;*  by  J.  W. 

Dawson,  LL.D.,  F.RS. 

Eozoon  Canadense  has,  since  the  first  announcement  of  its 
discovery  by  Logan  in  1859,  attracted  much  attention,  and  has 
been  very  thoroughly  investigated  and  discussed,  and  at  present 
its  organic  character  is  generally  admitted.  Still  its  claims  are 
ever  and  anon  disputed,  and  as  fast  as  one  opponent  is  disposed 
of,  another  appears.  This  is  in  great  part  due  to  the  fact  that 
so  few  scientific  men  are  in  a  position  fully  to  appreciate  the 
evidence  respecting  it.  Geologists  and  mineralogists  look 
upon  it  with  suspicion,  partly  on  account  of  the  great  age  and 
crystalline  structure  of  the  rocks  in  which  it  occurs,  partly  be- 
cause it  is  associated  with  the  protean  and  disputea  mineral 
Serpentine,  which  some  regard  as  eruptive,  some  as  metamor- 
phic,  some  as  pseudomorphic,  while  few  have  had  enough 
experience  to  enable  them  to  understand  the  difference  between 
those  serpentines  which  occur  in  limestones,  and  in  such  rela- 
tions as  to  prove  their  contemporaneous  deposition,  and  these 
which   may   have  resulted   from  the  hydration  of  olivine  or 

*  Der  Bau  des  Eozoon  Canadense,  von  Earl  Mdbius,  Profeesor  der  Zoolosie  in 
KieL    Palffiontographica,  Band  xzv. 
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similar  changes.  Onl^  a  few  also  have  learned  that  JEhzoon  is 
ODly  sometimes  associated  with  serpentine,  but  that  it  occurs 
also  mineralized  with  loganite,  pyroxene,  dolomite,  or  even 
earthy  limestone,  though  the  serpen tinous  specimens  have 
attracted  the  most  attention,  owin^  to  their  beauty  and  abund- 
ance in  certain  localities.  The  biologists  on  the  other  hand, 
even  those  who  are  somewhat  familiar  wtth  foraminiferal  or- 
ganisms, are  little  acquainted  with  the  appearance  of  these 
when  mineralized  with  silicates,  traversed  with  minute  mineral 
veins,  Jbulted,  crushed  and  partly  defaced,  as  is  the  case  with 
moat  specimens  of  Eozoon.  Nor  are  they  willing  to  admit  the  pos- 
sibility that  these  ancient  organisms  may  have  presented  a  much 
more  generalized  and  less  definite  structure  than  their  modern 
succe88or&  Worse,  perhaps,  than  all  these,  is  the  circumstance 
that  dealers  and  injudicious  amateurs  have  intervened,  and 
have  circulated  specimens  of  Eozoon^  in  which  the  structure  is 
too  imperfectly  preserved  to  admit  of  its  recognition,  or  even 
mere  iragments  of  serpentinous  limestone,  witnout  any  struc- 
ture whatever.  I  have  seen  in  the  collections  of  dealers  and 
even  in  public  museums,  specimens  labelled  ''''Eozoon  Cana- 
dense^^  wnich  have  as  little  claim  to  that  designation  as  a  chip 
of  limestone  has  to  be  called  a  coral  or  a  crinoid. 

The  memoir  of  Professor  Mobius  affords  illustrations  of  some 
of  these  difficulties  in  the  study  of  Eozoon,  Professor  Mobius 
is  a  zoologist,  a  good  microscopist,  fairly  acquainted  with  mod- 
em foraminifera,  and  a  conscientious  observer ;  but  he  has  had 
no  means  of  knowing  the  geological  relations  and  mode  of 
occurrence  of  Eozoon^  and  he  has  had  access  merely  to  a  limi- 
ted number  of  specimens  mineralized  with  serpentina  These 
he  has  elaborately  studied,  and  has  made  careful  drawings  of 
portions  of  their  structures,  and  has  described  these  with  some 
aegree  of  accuracy  ;  and  his  memoir  has  been  profusely  illus- 
trated with  figures  on  a  large  scale.  This,  and  the  fact  of  the 
memoir  appearing  where  it  does,  convey  the  impression  of  an 
exhaustive  study  of  the  subject,  and  since  the  conclusion  is 
adverse  to  the  organic  character  of  Eozoon^  this  paper  may  be 
expected,  in  the  opinion  of  many  not  fully  acquainted  with 
the  evidence,  to  be  regarded  as  a  final  decision  against  its  ani- 
mal nature.  Yet,  however  commendable  the  researches  of 
Mobius  may  be,  when  viewed  as  the  studies  of  a  naturalist 
desirous  of  satisfying  himself  on  the  evidence  of  the  material 
he  may  have  at  command,  they  furnish  only  another  illustration 
of  partial  and  imperfect  investigation,  quite  unreliable  as  a 
veraict  on  the  questions  in  hand.  The  following  considerations 
will  serve  to  indicate  the  weak  points  of  the  memoir. 

1.  A  number  of  errors  and  omissions  arise  from  want  of 
study  of  the  fossil  in  situ^  and  from  want  of  acquaintance  with 
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its  various  states  of  preservation.  Trivial  errors  of  this  kind 
are  his  referring  to  my  photograph  in  Plate  III,  of  the  "Dawn 
of  Life/'  as  if  it  were  natural  size,  and  his  stating  that  the 
larger  specimens  have  fifty  laminsB,  whereas  they  often  have 
more  than  an  hundred.  More  important  is  his  failing  to  appre- 
ciate aright  the  occurrence  of  Eo7xx>n  in  certain  layers  of  regu- 
larly bedded  limestones,  the  rounded  or  club-shaped  forms  of 
the  more  perfect  specimens,  the  manner  in  which  the  layers  be- 
come connuent  at  the  edges  of  the  forms,  as  described  by  Sir 
W.  E.  Logan  and  myself,  or  the  amount  of  crushing  and  frac- 
ture which  most  of  the  specimens  exhibit.  Thus  be  fails  to 
convey  any  adequate  idea  of  the  Stromatoporoid  forms  and 
mode  of  occurrence  of  the  organism,  or  indeed  of  its  general 
character  and  probable  mode  of  growth.  Farther  be  treats  it 
from  the  first  as  a  mere  laminated  aggregate  of  calcite  and 
serpentine,  without  reference  to  its  occurrence  in  any  other 
state,  and  also  without  reference  to  the  f ragmental  limestones  in 
part  made  up  of  its  remains.  He  objects  strongly  to  the  want 
of  definiteness  of  form  and  distiibution  in  the  chambers  and 
connecting  passages,  without  making  allowance  for  defects  of 
preservation,  or  mentioning  the  similar  want  of  defined  form  in 
some  iSiromatoporce.  He  admits,  however,  that  the  modem  Oar- 
penteria  and  its  allies  are  in  some  respects  equally  indefinite. 
He  farther  objects  to  the  impossibility  of  detecting  regular 
primary  chambers  like  those  in  modern  foraminifera,  but  seems 
not  to  be  aware  that,  as  1  have  recently  shown,  some  Stromato- 
porce  originate  in  a  vesicular,  irregular  mass  of  cells,  and  that 
in  JuOjiusia,  both  the  Eocene  L,  Persica,  and  the  Carboniferous 
L.  Columbuinaj  the  primary  chamber  is  represented  by  a  merely 
cancellated  nucleus.^ 

2.  With  reference  to  the  finely  tubulated  proper  wall  of 
Eozoon,  he  has  fallen  into  an  error  scarcely  excusable  in  an 
observer  of  his  experience,  except  on  the  plea  of  insufficient 
access  to  specimens.  He  confounds  the  proper  wall  with  the 
chrysotile  veins  traversing  many  of  the  specimens,  and  obvi- 
ously more  recent  than  the  bodies  whose  fissures  they  fill. 
That  be  does  so  is  apparent  from  his  stating  that  the  p^ope^ 
wall  structure  sometimes  crosses  the  bands  of  serpentine  and  cal- 
cite, and  also  that  it  presents  a  series  of  parallel  four-sided 
prisms,  whereas,  when  at  all  perfectly  preserved,  it  shows  a 
series  of  cylindrical  threads  penetrating  a  calcite  wall.  That 
some  of  his  specimens  have  contained  the  proper  wall  fairly 
preserved  is  obvious  from  bis  own  figures,  in  which  it  is  possi- 
ble to  recognize  both  this  structure  and  chrysotile  veins,  though 
confounded  by  him  under  the  same  designation.  He  objects, 
somewhat  naively,  that  many  of  the  chambers  fail  to  exhibit 

*  See  Journal  of  London  Geol  Soa,  Januaiy,  1878. 
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this  nummuliDe  wall,  and  that  it  sometimes  presents  a  ragged 
appearance  or  is  altogether  opaaue.  In  point  of  fact  it  can 
appear  distinctly,  either  in  decalcified  specimens  or  in  slices, 
only  when  the  minute  tubes  are  filled  with  some  substance 
optically  distinguishable  from  calcite,  or  not  acted  on  by  dilate 
acid.  W  hen  the  proper  wall  is  merely  calcareous  (ana  I  have 
specimens  showing  tnat  it  is  often  in  this  state,  and  without 
any  serpentine  in  its  pores),  its  structure  is  ordinarily  invisible, 
and  it  is  the  same  when  the  calcareous  skeleton  has  from  any 
cause  lost  its  transparency  or  has  been  replaced  by  some 
other  mineral  substance.  Even  in  thickish  slices,  the  tubes, 
though  filled  with  serpentine,  may  be  so  piled  on  one  another 
as  to  be  indistinct  All  this  may  be  seen  in  Tertiary  Nummu- 
liiea.  When  wholly  calcareous  their  tubulation  is  often  quite 
invisible,  and  when  imperfectly  injected  with  glauconite  or 
other  silicates,  they  often  present  a  very  irregular  appearance. 
If  Professor  Mobius  will  study  the  Nummulites  injected  with 
glauconite  from  Kempten,*  Bavaria,  in  addition  to  the  casts  of 
jPolysiomeUa  from  the  JSgean  to  which  he  refers,  he  will  be 
better  able  to  appreciate  these  points.  It  may  be  worth  re- 
peating here  that,  in  examining  the  original  specimens  of 
feSozoon,  I  did  not  recognize  the  proper  walE  I  did  not  doubt 
that  it  must  have  existed  in  some  form,  since  I  could  easily 
detect  the  canals  in  the  supplemental  skeleton  ;  but  I  did  not 
wonder  at  its  non-appearance,  knowing  the  chances  against  its 
preservation  in  a  recognizable  form.  Its  discovery  was  due  to 
the  subsequent  investigations  of  Dr.  Carpenter.f 

3.  To  the  canal  system.  Professor  Mobius  does  more  justice, 
and  admits  its  great  resemblance  to  the  forms  of  this  structure 
in  modem  Foraminifera.  This  indeed  appears  from  his  own 
figures,  as  will  be  seen  from  the  fac-simile  tracings  reproduced 
here,  figs.  1,  2,  3  and  4,  which  well  show  how  wonderfully 
this  structure  has  been  preserved,  and  how  nearly  it  resembles 
the  similar  parts  of  modern  Foraminifera.  He  thinks,  however, 
that  these  round  and  regularly  branching  forms  are  rather  ex- 
ceptional, which  is  a  mistake ;  though  it  is  true  that  the  sec- 
tions of  the  larger  canals  are  often  somewhat  flattened,  and  that 
they  become  flat  where  they  branch.  They  are  also  sometimes 
altered  by  the  vicinity  of  veinlets  or  fractures,  or  by  minute 
mineral  s^regations  in  the  surrounding  calcite,  accidents  to 
which    all   similar  structures   in   fossils  are  liable.     Another 

*I  am  indebted  to  Dr.  Otto  Hahn  for  specimena  of  these  most  interesting 
fotoU. 

fit  maj  deserve  mention  here  that  the  Carboniferous  Fasulina  very  rarely 
•bows  its  tubulated  wall,  and  that  Dr.  Carpenter  had  maintained  its  Nummuline 
•flbiitiefl  before  he  obtained  specimens  showing  this  particular  structure.  Struc- 
tureB  so  delicate  as  these  are  indeed  onlj  preserved  exceptionally  in  fossil  speci- 
mans. 

Am.  Joub.  Sci.— Thibd  Sbbiks,  Vol.  XVBL,  No.  99.— ALlbch,  1879. 
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objectioD,  not  original  with  him,  is  derived  from  their  aneqnal 
dimensions.  It  is  true  that  they  are  very  unequal  in  size,  oat 
there  is  some  definiteness  about  this.  They  are  larger  in  the 
thicker  and  earlier  formed  layers,  smaller  or  even  wanting  in 
the  thinner  and  more  superficial.  In  some  slices  the  thicker 
trunks  only  are  preserveo,  the  slender  branches  having  been 
filled  with  dolomite  or  calcite.  It  is  difficult,  also,  to  obtain, 
in  any  slice  or  any  surface,  the  whole  of  a  group  of  canals.^ 
Farther,  as  I  have  shown,  the  thick  canals  sometimes  give  off 
groups  of  very  minute  tubes  from  their  sides,  so  that  the  coarser 
and  nner  canals  appear  intermixed.  These  appearances  are  by 
no  means  at  variance  with  what  we  know  in  other  organic 
structures.  Another  objection  is  taken  to  the  direction  of  the 
canals,  as  not  being  transverse  to  the  laminae  but  obliqua 
This,  however,  may  be  dismissed,  since  Mobius  has  of  course 
to  admit  that  it  is  not  unusual  in  modem  Faraminifera.  It  may 
be  added  that  some  of  the  appearances  which  puzzled  Mobius, 
and  which  are  represented  in  his  figures,  evidently  arise  from 
fractures  displacing  parts  of  groups  of  canals,  and  from  the 
apparently  sudden  truncation  of  these  at  points  where  the 
serpentine  filling  ^ves  place  to  calcite.  It  would  also  have 
been  well  if  he  had  studied  the  canal  systems  of  those  arcma- 
ioporoB  which  have  a  secondary  or  supplemental  skeleton,  as 
QBTiostroma  and  GiunoporcL  In  illustration  of  this  I  give  in 
fig.  5  a  group  of  these  canals  from  a  recent  paper  of  my 
own.f 

4.  A  fatal  defect  in  the  mode  of  treatment  pursued  by 
Mobius  is  that  he  regards  each  of  the  structures  separately, 
and  does  not  sufficiently  consider  their  cumulative  force  when 
taken  together.  In  this  aspect,  the  case  of  Eozoon  may  be  pre- 
sented thus:  (1.)  It  occurs  in  certain  layers  of  widely  dis- 
tributed limestones,  evidently  of  aqueous  origin,  and  on  other 
grounds  presumably  organic.  *  (2.)  Its  general  form,  lamina- 
tion and  chambers,  resemble  those  of  the  Silurian  ^mmatapora 
and  its  allies,  and  of  such  modern  sessile  foraminifera  as  Carpen- 
teria  and  Polytrema,  (3.)  It  shows  under  the  microscope  a 
tubulated  proper  wall  similar  to  that  of  the  Nummulites, 
though  of  even  finer  texture.  (4.)  It  shows  also  in  the  thicker 
layers  a  secondary  or  supplemental  skeleton  with  canals.  (5.) 
These  forms  appear  more  or  less  perfectly  in  specimens  miner- 
alized with  very  diflFerent  substances.  (6.)  Tne  structures  of 
Jiozoon  are  of  such  generalized  character  as  might  be  expected 
in  a  very  early  Protozoan.  (7.)  It  has  been  found  in  various 
parts  of  the  world  under  very  similar  forms,  and  in  beds 
approximately  of  the  same  geological  horizon.     (8.)  It  may  be 

*  I  have  succeeded  best  in  this  by  etching  the  surface  of  broken  8peciiDen& 
f  Journal  of  London  G^logical  Society,  January,  1878. 
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added,  though  perhaps  not  as  an  argument,  that  the  discovery 
of  Eozoon  affords  a  rational  mode  of  explaining  the  immense 
development  of  limestones  in  the  Laurentian  age  ;  and  on  the 
other  hand  that  the  various  attempts  which  have  been  made  to 
account  for  the  structures  of  Eozoon  on  other  hypotheses  than 
that  of  organic  origin  have  not  been  satisfactory  to  chemists  or 
mineralogists,  as  Dr.  Hunt  has  very  well  shown. 

Professor  Mobius,  in  summing  up  the  evidence,  hints  that 
Dr.  Carpenter  and  myself  have  leaned  to  a  subjective  treatment 
of  Eozoon^  representing  its  structure  in  a  somewhat  idealized 
manner.  In  answer  to  this  it  is  necessary  only  to  say  that  we 
have  given  photographs,  nature-prints  and  camera  tracings  of 
specimens  actually  in  our  possession.  We  have  not  thought  it 
desirable  to  figure  the  most  imperfect  or  badly  preserved  speci- 
mens, though  we  have  taken  pains  to  explain  the  nature  and 
causes  of  such  defects.  Of  course,  when  attempts  at  restoration 
have  been  made,  these  must  be  taken  as  to  some  extent  conjec- 
tural ;  but  so  far  as  these  have  been  attempted  they  have  con- 
sisted merely  in  the  effort  to  eliminate  the  accidental  conditions 
of  fossilized  bodies,  and  to  present  the  organism  in  its  original 
perfection.  Such  restorations  are  not  to  be  taken  as  evidence, 
out  only  as  illustrations  to  enable  the  facts  to  be  more  easily 
understood.  It  is  to  be  observed,  however,  that  in  the  study 
of  such  fossils  as  Eozoon^  the  observer  must  expect  that  only  a 
small  proportion  of  his  specimens  will  show  the  structures  with 
any  approach  to  perfection,  and  that  comparison  of  many  speci- 
mens prepared  in  different  ways  may  be  necessary  in  order  to 
understand  any  particular  feature.  A  single  figure  or  a  short 
description  may  thus  represent  the  results  of  days  spent  in  the 
field  in  collecting,  of  careful  examination  and  selection  of  the 
specimens,  of  the  cutting  of  many  slices  in  different  directions, 
and  of  much  study  of  these  with  different  powers  and  modes  of 
illumination.  My  own  collection  contains  hundreds  of  pre- 
parations of  Eozoon,  each  of  which  represents  perhaps  hours 
of  labor  and  study,  and  each  of  which  throws  some  light  more 
or  less  important  on  some  feature  of  structure.  The  results  of 
labor  of  this  kind  are  unfortunately  very  liable  to  be  regarded 
as  subjective  rather  than  objective  by  tnose  who  arrive  at  con- 
clusions in  easier  ways. 

Taken  with  the  above  cautions  and  explanations,  the  memoir 
of  Professor  Mobius  may  be  regarded  as  an  interesting  and 
useful  illustration  of  the  structures  of  Eozoon,  though  from 
a  point  of  view  somewhat  too  limited  to  be  wholly  sat- 
isfactory. 
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Art.  XKUL—The  Magnetic  Storm  of  May  14,  1878,  observed  in 

North  America. 

[Gommiinicated  by  Carlile  P.  Patterson,  Superintendent  United  States  Ck>ast  and 

Qeodetic  Survey.] 

The  extensive  magnetic  disturbance  of  May  14,  1878,  of 
which  accounts  have  been  given  in  Nature,*  and  which  was 
observed  in  China,  Australia  and  England,  also  made  its 
record  in  North  America  at  our  magnetic  observatory,  estab- 
lished at  Madison,  Wisconsin,  in  the  winter  of  1876-1877. 
This  observatory  is  in  latitude  43°  04'  29'' '5,  and  in  longitude 
5h  57m  86»"5  west  of  Greenwich ;  in  it  are  mounted  a  set  of 
Brooke's  Magnetographs,  and  daily  photographic  traces  of  the 
changes  in  magnetic  declination  and  in  the  horizontal  and  ver- 
tical forces  have  been  produced  since  March,  1877,  and  are 
intended  to  be  kept  up  for  some  years.  The  declination  traces 
for  several  days  preceding  the  14th  were  normal,  but  about 
midnight  May  18-14,  a  series  of  disturbances  commenced  con- 
sisting in  part  of  some  large  oscillations  to  the  eastward  and 
westward,  and  in  part  of  a  great  number  of  small  and  rapid 
oscillations.  The  characteristic  features  of  the  trace  may  be 
given  as  follows : 

Madifon  Greenwich 

mean  time.  mean  time. 

d.  h.  m.  d.  h.  m. 

The  disturbance  in  dedication  commenced  about 14  0  00  a.  m.      14  6  68  A.  M. 

A  principal  westerlyf  extreme  reached 1  05     •*  7  03    " 

A  principal  easterly  extreme  reached 2  36    "  8  34    " 


t 


i 


Range  of  motion  16''5  ;  after  this  a  series  of  smaller  oscilla- 
tions continue  to  past  noon. 

d.  h.  m.  d.     h.  m. 

A  maximum  westerly  position  is  reached  about 0  16  p.  h.  6  14  p.  m  . 

And  an  easterly  extreme  at _      0  53     "  6  51     ** 

Extreme  westerly  deflection  at 3  26     '  9  24    " 

A  sharp  motion  to  the  eastward  commences  at 5  40     '*  11  38     " 

A  principal  easterly  extreme  reached  at 6  24    "  15    0  22  A.  M. 

Range  of  motion  of  principal  disturbance  31''7. 

There  is  also  a  westerly  extreme  about 7  10     "  1  08    " 

And  an  easterly  extreme  about 9  16    '*  3  14    '* 

After  10  P.  M.  the  irregularities  gradually  subside. 

Last  extreme  easterly  position 15  1  10  a.  if.  7  08     ** 

It  will  be  noticed  that  at  the  Greenwich  observatory  the 
storm  commenced  on  May  14,  at  6*>  05"  A.  M.,  at  Stonyhurst 
observatory  at  6**  04™,  at  Zi-ka-wei,  near  Changhai,  also  at  6** 
04"  (Gr.  time),  and  at  Melbourne  supposed  at  6*»  20™ ;  the  storm 
may  therefore  be  taken  as  simultaneous  at  these  places.     At 

•  Vol.  xviii,  Nos.  467,  468,  469.         f  Referring  to  north  end  of  the  magnet. 
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Greenwich  the  north  end  of  the  needle  moved  eastward  between 
tf  and  9  A.  M  ,  but  at  Madison  the  general  motion  was  westerly ; 
again  the  sharp  deflection  commencing  at  5^  40™  Mad.  time  (IP 
88™  P.  M.  Gr.  time)  was  to  the  eastward  at  Madison,  and  to  the 
westward  after  1 1*  45"  at  Greenwich,  thus  deflecting  the  mag- 
nets in  opposite  directions. 

The  northern  component  of  the  horizontal  force  was  sharply 
affected  at  Madison,  the  force  diminishing  at  14^  0"*  05™  A.  M., 
Madison  time,  14<*  6^  08™  a.  m.,  Greenwich  tima  The  disturb- 
ance continued,  but  between  2j^  and  7^  A.  M.,  the  trace  is  too 
indistinct  to  be  read ;  the  small  oscillations  continue  to  about 
11'  45™,  when  they  become  superseded  by  a  series  of  larger 
waves  culminating  in  a  maximum  extreme  at  2*  80™  P.  M.,  Mad- 
ison time,  8'  28™  P.  M.,  Greenwich  time,  and  a  minimum  at  8* 
58™  P.  M.,  Madison  time,  9**  56™  P.  M.,  Greenwich  time.  The 
large  disturbances  continue  till  about  10**  20™  P.  ic,  having 
reached  a  maximum  extreme  about  4'  50™  P.  M.,  Madison  time, 
IQh  4gm  p  jj ^  Greenwich  time,  and  a  minimum  extreme  at  9* 
08™  P.  M.,  Madison  time ;  15*^  8**  01™  a.  m.,  Greenwich  time 
Eango  between  maximum  at  2**  80™,  and  minimum  at  ff*  08", 
j^j  of  the  horizontal  force,  nearly.  In  the  Greenwich  aoooaot 
it  is  stated  'Uhe  first  start  in  the  trace  of  the  declination  mag- 
net at  18'  05™  (Astr.  Rec.)  is  most  distinct.''  Now  within  two 
minutes  of  this  time  occurs  the  first  and  sharpest  deflection  in 
our  horizontal  force  trace  at  Madison,  thus  marking  distinctly 
the  commencement  and  simultaneousness  of  the  storm. 

The  disturbance  in  the  vertical  force  commenced  about  May  14, 
1'  10™  a.  m.  (7'  08™  Gr.  time),  and  terminated  about  3"*  80™  A.M. ; 
between  this  time  and  5'  45™  p.  M.,  the  trace  was  smooth,  but 
between  5^  45™  and  6^  45™  a  sharp  deflection  took  place  in  the 
opposite  direction,  the  maximum  force  occurring  at  6*  11™  P.M. 
(May  15,  0^  09™  A.  M.  Gr.  time),  the  deflection  or  increase 
amounted  to  ^^^  of  the  vertical  force.  The  vertical  force  trace 
did  not  exhibit  any  of  the  tremulous  motion  noticed  in  the 
other  two  curves. 

I  may  state  that  a  description  of  the  Madison  magnetic 
observatory,  together  with  the  discussion  of  the  first  year's 
observations  and  results,  is  nearly  ready  in  manuscript  for  pub- 
lication. Chas.  a.  Schott, 

Assistant  C.  and  G.  S.  in  charge  Observatoiy. 
Coast  Survey  Office,  Washington,  D.  C,  Jan.  6,  1879. 
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Art.  XXIV. — On  the  Flocculation  of  Particles,  and  its  Physical 
and  Technical  Bearings;  by  Eugene  W.  Hilqard,  of  the 
University  of  California. 

I  HAVE  heretofore  (this  Journal,  Oct  and  Nov.,  1878)  dis- 
cassed,  casually  rather  than  directly,  the  tendency  of  small 
particles  to  form^  under  the  influence  oF  a  moderate  agitation, 
granular  aggregates  or  compound  particles  of  larger  size,  op- 
posing to  mechanical  disintegration  more  or  less  resistance, 
according  to  the  circumstances  of  temperature  and  moisture. 
Some  discussions  since  made,  and  more  especially  that  of  Pro- 
fessor S.  W.  Johnson,  on  the  Mechanical  Effects  of  Tillage,* 
appear  to  me  to  render  desirable  a  more  detailed  consideration 
of  the  various  bearings  of  this  phenomenon,  which,  despite  its 
simplicity,  and  obviousness  in  every-day  life,  seems  not  to 
have  received  all  the  attention  it  deserves.  This  is  strikingly 
exemplified  in  the  modes  of  experimentation  and  the  more  or 
less  contradictory  results  obtained  by  difierent  observers — Von 
Elenze,  Haberlandt,  Ad.  Mayer,  Nessler,  and  others  who  have 
studied  the  capillary  relations  of  soils  to  water.  In  comparing 
the  effects  of  "packing"  and  "loosening"  of  powders  and 
soils  upon  their  relations  to  water,  it  makes  a  material  differ- 
ence whether  the  material  used  was  dry,  damp  or  wet,  and 
whether  or  not  the  soil  had  been  previously  under  tillage  for 
some  length  of  time.  Again,  Jonnson  seems  to  incline  to 
attribute  to  the  flocculation  of  the  clay  in  soils,  by  various 
agencies,  effects  which,  I  think,  clearly  belong  to  all  small  par- 
ticles as  such. 

Perhaps  the  best  fundamental  experiment  (which  can  be 
neatly  projected  on  a  screen  by  the  beam  of  a  magic  lantern)  is 
the  one  described  in  my  previous  paper  (loc.  cit,  p.  290).  A 
sediment  consisting  of  granules  of  the  uniform  hydraulic  value 
of  V^  per  second,  is  introduced  into  an  ordinary  conic-cylin- 
drical elutriating  tube,  placed  vertically,  in  which  the  current 
of  water  entering  at  the  small  orifice  below,  alone  performs  the 
stirring-up  needed  to  keep  the  sediment  from  settling  down. 
If  now  a  current  of  water  be  turned  on,  corresponding  to  a 
velocity  below  that  of  1™™  at  the  mouth  of  the  tube,  of  course 
none  of  the  sediment  can  pass  out  of  the  upper  end,  but  it  will 
be  kept  circulating  in  the  conical  portion,  by  a  current  going 
upward  in  the  axis  of  the  tube,  and  downward  on  the  sloping 
sides  of  the  cona  If  this  be  kept  up  for  ten  or  fifteen  min- 
utes, and  then  the  velocity  gradually  increased,  it  will  be  found 
that  scarcely  any  of  the  sediment  will  pass  off,  either  at  the 

*  Bep.  Conn.  Exp.  Station  for  1877. 


206  E.  W.  Hilgard—Flocculaiim  of  Particles. 

velocity  correspoading  to  its  true  hydraulic  value,  or  even  at 
one  four  or  five  times  higher;  the  cause  being  that  its  single 
grains  have  coalesced  or  **  flocculated  "  into  compound  grains 
of  from  five  to  thirty  or  more  of  the  original  ones,  thus  forming 
in  effect  a  very  coarse  sediment  of  roundish  masses.  When 
these  are  allowed  to  settle,  it  will  be  seen  that  this  altered  sedi- 
ment occupies  a  very  much  larger  space  than  did  the  original 
single-grain  sediment,  in  consequence  of  the  large  vacant  spaces 
left  between  the  aggregate-grains;  the  relation  between  the 
two  being  somewhat  like  that  between  gunpowder  dust  and 
coarse  blasting  powder. 

If  now  the  coarse  sediment  be  violently  stirred  by  shaking 
up,  or  if  it  be  boiled  even  lightly,  the  heavy  masses  aisappear, 
the  water  becomes  uniformly  turbid,  and  arter  the  proper  time 
of  quiescence,  a  thin  horizontal  layer  of  single-grain  sediment 
is  formed  at  the  bottom  of  the  vessel. 

There  is  nothing  very  remarkable  or  new  in  this  experiment; 
every  chemist  knows  the  phenomena  it  exhibits  from  every-day 
experience,  and  acts  upon  it  in  the  gentle  stirring  ^ven  to 
liquids  in  which  precipitates  just  forming  are  desired  to  floc- 
culate. Every  geologist  has  seen  the  flocculent  aggr^ate- 
granules  rolled  along  the  bottom  by  a  depositing  current,  and 
has  noticed  the  rapid  clearing  of  the  gentle  stream  after  it  has 
been  rendered  turoid  by  stirring  ;  while  quiescent  pools  in  (he 
same  material  have  remained  turbid  for  some  length  of  time. 
The  experiment  with  the  elutriator-tube,  however,  is  well 
adapted  to  the  demonstration  of  the  following  laws  governing 
the  formation  of  aggregates  of  immersed  particles : 

1.  The  tendency  to  flocculation  is  roughly  in  inverse  ratio  to 
the  size  of  the  particles.  I  have  already  stated  (loc.  cit,  p. 
291)  that  with  quartz  grains  it  practically  ceases  when  their 
diameter  exceeds  about  0*2™™,  or  8™™  hydraulic  value.  It  goes 
without  saying  that  the  number  of  particles  that  may  cohere 
into  one  mass,  follows  substantially  the  same  law.  Sediment 
of  0*25™™  hydraulic  value,  will  sometimes  form  large  masses, 
like  snow  flakes,  on  the  sides  of  the  elutriator-tube. 

2.  The  degree  of  agitation  which  will  resolve  the  a^gr^ates 
into  single  grains,  is  (roughly)  inversely  as  the  size  of  the  par- 
ticles ;  or  more  properly,  perhaps,  inversely  as  their  hydraalic 
value. 

3.  The  tendency  to  flocculation  varies  inversely  as  the  tem- 
perature. In  water  near  the  boiling  point  it  is  very  slight;  so 
strikingly  less,  that  at  one  time  I  seriously  contemplated  the 
use  of  such  water  in  the  mechanical  analysis  of  soils,  in  lieu  of 
the  mechanical  stirring.  The  difficulties  of  construction  and 
manipulation  of  course  render  this  method  undesirable,  even  if 
it  were  altogether  efficient 
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4.  The  presence  of  alcohol,  ether,  and  of  caustic  or  carbona- 
ted aikaHes,  materially  diminishes  the  tendency  to  floccnlation  ; 
while  the  presence  of  acids  and  neutral  salts  seems  to  in- 
crease it 

5.  As  between  sediments  of  equal  hydraulic  value  but  diflFer- 
ent  density,  the  tendency  to  flocculation  seems  to  be  greater 
with  the  less  dense  particles. 

My  object  being,  at  the  time,  not  so  much  the  determination 
of  a  question  of  abstract  physics,  but  the  finding  of  an  accurate 
and  practicable  method  of  mechanical  soil-analysis,  I  have  not 

Pursued  farther  the  interesting  points  suggested  by  4  and  5. 
'he  observations  made,  however,  rendered  auite  obvious  a  close 
relation  between  the  capillary  properties  of  liquids  and  the  floc- 
calative  tendency  of  seaiments  suspended  in  them.  Just  what 
this  relation  is,  must  be  determined  by  farther  experiment; 
nor  will  I  undertake  to  discuss  at  this  time  what  is  tne  precise 
nature  of  the  attraction  that  causes  the  formation  of  these 
floccalated  aggregates,  and  when  formed  holds  them  together. 
Bearding  the  single  particles  as  irregular  spheroids,  each  of 
which  can,  at  best,  come  in  contact  at  three  points  with  any 
other  particle,  it  cannot  be  mere  surface  adhesion  independent 
of  the  liquid ;  and  the  particles  being  submerged,  there  is  no 
meniscus  to  create  an  adhesive  tension.  Since  experiment 
shows  that  the  flocculative  tendency  is  measurably  governed 
by  the  cohesion-coeflficient  of  the  liquid,  it  seems  necessary  to 
assume  that  capillary  films  of  the  latter  interposed  between  the 
surfaces  of  solids,  do  create  a  considerable  adhesive  tension 
even  in  the  absence  of  a  meniscus ;  an  assumption  that  would 
seem  to  be  rendered  necessary  also  by  the  enormous  increase  of 
adhesion  caused  by  the  interposition  of  a  solid  film  of  liquid 
between  plane  plates,  even  when  submerged,  as  compared  with 
that  of,  e.  g.,  two  watch  glasses  adhering  only  by  their  wetted 
edges,  with  two  concentric  circles  of  menisci.  A  priori,  it  is  to 
be  supposed  that  the  surface  tension  known  to  exist  between 
two  liquid  surfaces,  must  exist,  and  exert  a  corresponding  influ- 
ence between  the  surfaces  of  solids  and  liquids,  apart  from  any 
menisoal  action.  T  am  unable  to  find  that  any  exhaustive  in- 
vestigation of  this  particular  phase  of  the  subject  of  molecular 
attraction  has  as  yet  been  maae. 

It  is  of  course  to  be  expected,  that  the  adhesion  of  the  parti- 
cles constituting  one  of  these  floccules  will  be  very  materially 
increased  whenever  the  formation  of  menisci  between  them  be- 
comes possible  by  the  removal  of  the  general  liquid  mass. 
Suppose  one  of  the  floccules  to  be  "stranded,"  it  will  in  the 
first  place  remain  immersed  in  a  sensibly  spherical  drop  of 
liquid.  As  this  liquid  evaporates,  the  spherical  surface  will  be- 
come pitted  with  menisci  forming  between  the  single  projecting 
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particles ;  and  as  these  menisci  diminish  their  radius  by  still 
farther  evaporation,  the  force  with  which  they  hold  the  parti- 
cles together  will  increase,  until  it  reaches  a  maximum,  the 
position  of  which  (expressed  in  the  liquid-percentage  of  the 
mass)  must  be  sensibly  a  function  of  the  size  of  the  constituent 
particles.  As  the  evaporation  progresses  beyond  this  point  of 
maximum,  the  adhesion  of  the  constituent  particles  must 
diminish  by  reason  of  the  disappearance  of  the  smaller  menisci ; 
and  when  finally  the  point  is  reached  when  liquid  water  ceases 
to  exist  between  the  surfaces,  the  slightest  touch,  or  sometimes 
even  the  weight  of  the  particles  themselves,  will  cause  a  com- 
plete dissolution  of  the  noccule,  which  then  flattens  down  into 
a  pile  of  single  grannies. 

All  this  can  readily  be  observed  by  any  one  in  the  progress 
of  a  mechanical  soil  analysis  ;  provided  only  that  the  complete 
separation  of  the  day  from  the  siliceous  sediments  has  oeen 
previously  accomplished  in  the  manner  set  forth  in  my  former 
paper.  The  presence  of  flocculated  or  coagulated  clay  modi- 
fies the  phenomena,  in  so  far  as  it  tends  to  bold  the  floccules 
together  under  circumstances  that  in  its  absence  would  have 
caused  a  complete  collapse. 

I  now  proceed  to  discuss  some  of  the  obvious  bearings  of  the 
phenomenon  of  flocculation  upon  natural  as  well  as  artificial 
processes. 

First,  as  regards  the  formation  of  aaueous  deposits,  it  is 
obvious  that  it  is  but  very  rarely  that  they  can  be  deposited 
otherwise  than  in  a  flocculated  condition.  As  a  rule,  the  water 
cannot  assort  in  accordance  with  their  individual  hydraulic 
value,  any  sediments  below  that  of  8"°™  per  second,  or  about 
Q.2mm  diameter ;  and  the  complex  particles  thus  formed  are  de- 
posited along  with  single  ones  of  much  higher  hydraulic  value. 
The  deposition  of  such  an  intractable  substance  as  "  pure  clay'* 
would  be,  as  well  as  that  of  any  one  sediment  of  very  limited 
range  as  to  size  or  hydraulic  value,  is  thus  practically  impoasi- 
ble,  save  under  very  exceptional  circumstances.  Were  this 
otherwise,  the  local  occurrence  of  soils  and  rocks  of  extreme 
character,  both  as  to  chemical  and  mechanical  composition, 
would  be  much  more  frequent  than  is  actually  the  case. 

The  fact  that,  as  a  consequence  of  known  processes  in  the 
formation  of  aqueous  deposits,  the  latter  must  be  considered  as 
constituted  of  compound  spheroid  granules,  at  once  determines 
the  view  of  Tyndall  regarding  the  cause  of  slaty  cleavage  by 
compression,  to  be  the  true  one,  as  against  that  of  Sorby.  Yet 
Tyndall,  while  assuming  such  structure  to  exist,  fails  to  assign 
any  definite  cause,  outside  of  crystalline  masses.  It  would  be 
interesting  to  make  the  counter-test,  and  prove  that  when  (as 
can  readily  be  done)   the   flocculated  structure  is  destroyed 
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previous  to  the  application  of  pressure,  slaty  structure  does  not 
result,  either  at  all,  or  in  as  marked  a  d^ree.  I  hope  to  make 
this  experiment  before  long. 

The  destruction  of  the  floccules  is  eflFected  by  what  is  known 
in  the  arts  as  the  tamping  or  *'  puddling ''  of  earth  or  clay.  It 
is  the  result  of  violent  agitation  with  water,  or  of  kneading, 
boiling,  or  finally,  to  a  certain  extent,  of  freezing.  All  these 
agencies  are  employed  by  the  workers  in  clay  for  the  purpose 
of  increasing  plasticity,  which  depends  essentially  upon  the 
finest  possible  condition  of  the  material  to  be  worked :  for 
when  it  is  in  a  fiocculent  or  granular  condition,  it  assumes 
more  or  less  the  properties  of  sand. 

The  latter  fact  can  be  most  strikingly  shown  in  the  following 
manner:  Let  any  clay  or  clay  soil  be  worked  into  a  plastic 
paste  with  water  and  then  dried ;  the  result  will  be  a  mass  of 
almost  stony  hardness.  Add  to  the  same  paste  about  0*6  per 
cent  of  caustic  lime,  which  substance  (as  shown  by  Schloesing 
and  myself)  possesses  in  an  eminent  degree  the  property  of 
coagulating  clay  into  floccules.  The  diminution  of  plasticity 
will  be  obvious  at  once,  even  in  the  wet  condition  ;  and  upon 
drying,  the  mass  will  fall  into  a  pile  of  crumbs  upon  a  mere 
touch,  or  dropping  it  on  the  floor— a  striking  lecture  ex- 
periment,  as  well  as  a  convincing  illustration  of  the  effect  of 
liming  upon  clay  soils,  in  rendering  them  "  warmer  "  and  more 
readily  tilled.  I  found  that  bubbling  carbonic  acid  gas  through 
a  magma  of  the  limed  clay  for  twenty-four  hours,  when  all 
alkaline  reaction  had  disappeared,  had  failed  to  restore  the 
plasticity  even  when,  after  drying,  the  carbonate  solution  had 
oeen  destroyed.  This  agrees  with  the  experience  of  farmers 
that  the  "lightening  "  effect  of  a  liming  continues  for  years  to 
be  very  manifest,  and  is  never  entirely  lost  It  is  well  known 
that  marling  produces  similar  but  weaker  effects ;  and  the 
same  can  be  ooserved  wherever  one  and  the  same  clay  soil  is 
partially  subject  to  washings  from  limestone  hills,  or  to  the  ad- 
mixture of  underlying  calcareous  strata.  Schlcesing's  experi- 
ments on  the  eflBicacy  of  lime  water  in  coagulating  clay  water, 
show  its  effect  to  exceed  greatly  that  of  any  other  calcium 
compounds ;  and  so  far  as  my  experiments  go,  I  find  those  of 
no  other  element  approaching,  in  this  respect,  those  of  calcium. 
In  this  connection  Dr.  John  LeConte's  remarks  on  the  excep- 
tional transparency  of  calcareous  waters  in  Florida  (Proc  Am. 
Assoc  Adv.  Sci.,  1860,  p.  83)  should  be  called  to  mind. 

Were  any  farther  proof  needed  regarding  the  nature  of  the 
eflfects  of  tillage  upon  soils,  this  lime  experiment  would  supply 
it  It  18  the  Loosely  flocculated  aggregation  of  the  soil  particles 
which  constitutes  good  tilth,  as  against  the  partially  "•  tamped  '' 
condition  which  results  from  the  mechanical  action  of  rains 
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and  (in  silt  soils)  of  drying.  Tillage  acts  not  merely,  as  Pro- 
fessor Johnson  says  (On  some  Seasons  for  Tillage,  Ilep.  SecV, 
Conn.  Board  of  Agr.,  1877-^8) :  "  by  lifting  up  masses  of  soil, 
turning  them  and  letting  them  fall  so  that  tne  close  contact 
produced  by  rest  (?)  and  moving  water  is  broken,  and  the 
grains  of  sand  and  the  minute  aggr^ations  of  loam  are  brought 
into  new  positions  with  regard  to  each  other,  and  to  greater 
distances  from  each  other."  These  "  new  positions  "  and  "  grea^ 
er  distances  "  are  brought  about  and  maintained  by  the  phe- 
nomenon of  flocculation,  by  the  formation  of  compound  crumbs 
("  ackerkrume  "V  which  can  be  readily  seen  and  compared 
with  the  partially  "  tamped  "  soil  on  the  land  side,  in  any  fur- 
row made  in  well-tilled  cultivated  soil ;  and  they  relate  to  each 
other,  both  as  to  bulk  and  permeability,  in  mass,  somewhat  as 
powdered  lead  would  to  bird-shot.  If  this  be  the  correct  view, 
mere  rest  cannot,  in  general,  produce  any  compacting  influence 
on  soils,  such  as  is  claimed  (loc.  cit.)by  Professor  Johnson ;  and  I 
think  the  proof  that  it  is  innocent  of  any  such  action  is  found 
in  the  case  of  any  virgin  soil  in  forests,  where  the  protecting 
covering  of  leaves  assures  the  most  absolute  rest  to  tne  soil  for 
centuries,  and  where,  nevertheless,  it  is  always  in  such  tilth  as 
our  best-tilled  fields  might  envy. 

There  is  one  class  of  soils,  nevertheless,  in  which  "  rest "  may 
be  said  to  produce  compacting,  to  wit:  those  consisting  of  silice- 
ous silt  with  not  clay  enough  to  maintain  them  in  position  afler 
drying ;  so  that  the  loose  arches  of  the  floccules  collapse  by 
their  own  weight,  or  by  the  least  shocks.  This  happens  not 
unfrequently  in  river-sediment  soils  ;  and  the  curious  result  is 
that  they  are  injured  by  plowing  when  very  dry,  in  the  same 
way  that  clayey  soils  are  when  plowed  too  wet.  In  both  cases 
the  effect  is  to  destroy  the  floccules  and  produce  a  single-grain 
or  tamped  structure,  which  it  requires  several  seasons'  tillage 
to  rectify.  In  the  case  of  **  beating"  rains,  the  hardening 
effect  upon  the  surface  is  of  course  due  to  the  mechanical  de- 
struction of  the  floccules,  followed  by  the  infiltration  with 
"clay  water,"  which,  in  drying,  acts  as  a  hardening  cement 

In  some  soils  the  point  of  maximum  cohesion  of  the  floc- 
cules, and  consequently  the  tendency  to  maximum  flocculation, 
lies  between  very  narrow  limits  ;  as  the  farmer  says,  they  have 
to  be  plowed  when  **just  right,"  or  not  at  all,  on  pains  of  in- 
juring their  tilth  for  years.  I  find  among  these  not  only  the 
clay  soils  proper,  but  another  class  consisting  of  uniformly  fine 
silts  (chiefly  1™™  hydraulic  value,  and  below)  with  but  verr 
little  clay ;  which,  when  wet,  are  said  to  "work  like  putty,' 
and  when  a  very  little  too  dry  remain  cloddy.  Those  in  which 
the  tillage  may  be  done  within  a  wide  range  of  condition  as  to 
moisture,  are  those  containing  a  great  variety  of  sediments  of 
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all  sizes;  colluvial  rather  than  allavial,  and  usually  called 
"loams."  The  exact  conditions  of  maximum  flocculability, 
however,  and  the  influence  exerted  thereon  by  each  of  the 
several  sediments  and  their  combinations,  still  remain  to  be 
determined  ;  and  the  task  is  not  a  light  one. 

It  is  known  that  the  longer  a  soil  has  been  maintained  in 
perfect  tilth,  the  more  difBicult  it  is  to  "puddle"  it  by  wet 
plowing.  This  is  doubtless  owing  to  the  gradual  cementation 
of  the  noccules  by  the  soil  water ;  which  fixes  them,  as  it  were, 
more  or  less  permanently. 

As  to  the  action  of  frost  on  soils,  it  is  clear  that  as  the 
water-menisci  within  the  floccules  freeze,  the  soil  must  be  re- 
duced to  its  ultimate  mechanical  elements,  held  apart  by  the 
ice  crystals.  It  is  thus  readily  intelligible  why  plowmg  too  wet, 
(i^ier  a/reezcj  is  so  much  more  injurious  to  tilth  than  when  done 
itier  only  a  rain.  But  when  the  thawed  soil  is  allowed  first  to 
assume  its  proper  moisture  condition,  the  newly-formed  floc- 
cules are  of  course  looser  than  ever ;  and  in  clay  and  loam  soils 
the  most  perfect  tilth  is  the  result,  while  clayless  ones  are 
measurably  ^^  puddled'^  by  frost 

The  "ripenmg"  of  potter's  clay  by  freezing,  boiling,  alter- 
nate wetting  and  drying,  or  finally  by  thorough  working,  is 
obviously  based  on  the  same  process  of  "atomization."  Not 
only  do  these  processes  destroy  the  mechanically  formed  aggre- 
gates, but  boiling  at  least,  and  probably  all  the  rest,  serve  to 
reduce  the  kaolinite  ingredient  of  soils  and  clays  to  the  amor- 
phous, plastic,  diflfusible  modification.  As  to  Doiiing,  I  have  " 
succeeded  in  rendering  diffusible  and  very  plastic,  the  seventy- 
five  per  cent  of  clayey  ingredient  in  a  white,  chalky  pipe  clay, 
resembling  kaolin,  and  which  naturally  is  but  very  slightly  plas- 
tic, by  boiling  for  about  eighty-five  hours.  In  this  case  the  clay 
water  showea,  even  after  a  week's  subsidence,  a  distinctly  dot- 
ted structure  under  a  power  of  five  hundred  diameters,  instead 
of  the  non-resolvable  cloud  exhibited  by  the  water  from  natu- 
rally plastic  clays.  Since  lithological  evidence  proves  conclu- 
sively that  mere  soaking  in  water  does  not  produce  the  trans- 
formation, unless  accompanied  by  mechanical  agencies :  we 
can  hardly  escape  the  conclusion  that  the  difference  between 
the  plastic  and  non-plastic  kaolinite  is  merely  mechanical,  and 
not  properly  comparable  to  that  between  quartz  and  chalcedony. 

In  regard  to  the  action  of  alkaline  carbonates  in  preventing 
floccalation,  and  thus  rendering  tillage  difficult  or  impossible, 
many  of  the  "alkali  soils"  of  California  supply  striking 
examples.  The  name  is  popularly  applied,  almost  indiscrimi- 
Dately,  to  any  soil  containing  such  excess  of  soluble  salts  of  any 
kind,  as  to  become  apparent  by  efflorescence.  Among  these, 
however,  the  soils  impregnated  with  alkaline  carbonates  may 
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?;enerally  be  recognized  by  their  extreme  compactness,  and  re- 
ractoriness  under  tillage ;  and  by  the  fact  that  they  usually  form 
^'low  spots"  in  the  general  surface  of  non-alkaline  land,  where 
turbid  clay  water,  dark  with  dissolved  humus,  will  lie  for 
weeks  after  the  higher  land  appears  dry.  I  give  below  the  re- 
sults of  the  comparative  mechanical  analysis  of  two  samples  of 
soil,  taken  withm  twelve  feet  of  each  other,  on  an  alKaline 
tract  in  the  neighborhood  of  Stockton,  CaL  One  of  these 
represents  a  fertile  "  ridge  "  soil,  in  excellent  tilth,  lying  (natu- 
rally) about  eighteen  inches  higher  than  the  soil  of  the  adjacent 
alkali  tract,  in  which  the  same  soils  alternate  on  hillocks  and  in 
depressions,  so  as  to  render  it  impossible  to  cultivate  one  with- 
out the  other.  The  alkali  soil  had  been  plowed,  cross-plowed, 
rolled  and  harrowed,  until  the  harrow  produced  no  further 
effect ;  and  the  result  was  a  seed-bed  of  soil  clods  ranging  from 
the  size  of  a  pea  to  that  of  a  billiard  ball,  but  no  tilth.  At  the 
same  time,  portions  of  the  ^'  ridge  "  soil  so  treated  were  reduced 
to  an  ashy  condition  of  tiltL  Inspection  seemed  to  show  that 
the  two  soils  differ  but  little  in  mechanical  composition ;  not 
nearly  enough  to  account  for  such  differeuce  of  tilling  qualities. 
The  analyses  resulted  thus : 

Stockton  soma. 

Non-alkaline.    AUndine. 

Clay, 20-8  24-8 

Sediment<0-25™'"   hydraulic  value 32-0  26-1 

**           0-25                "               '*    3-3  3-8 

"            0-50                "                "    6-6  9-4 

"            1-0                  "                "    5-6  6-2 

"            20                  "                "    7-3  6-2 

"            4-0                  "                "    7-6  5-4 

"            8-0                  "                "    6-7  4-8 

"          160                  "                "    .4-8  4-7 

"         32-0                  "                "    1-6  5-9 

"         640                  "                "    1-2  l-l 


96-4  97-7 

The  only  material  difference  in  the  mechanical  composition 
of  these  two  soils  is  in  the  relative  amounts  of  clay  and  finest 
sediment ;  and  this  is  perhaps  more  apparent  than  real,  inas- 
much as  the  disintegrating  action  of  the  alkali  has  doubtless 
been  instrumental  in  bringing  out  as  **  clay  "  in  the  alkaline 
soil,  a  portion  of  what  in  the  other  has  remained  behind  in  the 
finest  sediment  Still,  as  the  alkali  soil  lies  close  to,  and  lower 
than,  the  tillable  soil,  and  receives  its  washings,  it  should  con- 
tain somewhat  more  clay  than  the  latter.  Taking  the  results 
as  they  are,  however,  it  is  clear  that  the  mechanical  compo- 
sition of  the  alkali  soil  gives  no  clue  to  the  cause  of  its  oe- 
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havior  under  tillage,  since  a  soil  containing  no  more  than  24*6 
per  cent  of  clay,  with  all  sediments  above  the  finest  so  evenly 
distributed,  should  be  classed  simply  as  a  ''  clayey  loam.'* 

The  dark  brown  soil-extract,  leached  from  the  alkali  soil, 
amounted,  after  ignition  and  treatment  with  carbonic  acid,  to 
0*251  i>er  cent  Of  this  amount,  0*158  was  again  soluble,  0*098 
remaining  behind  as  earthy  salts,  etc  The  soluble  part  was 
constituted  thus : 

Carbonate  of  sodium .62*74 

Chlorid  of  sodium 8808 

Sulphate  of  sodium 13*26 

Tri-sodic  phosphate 1*83 

100*91 
The  insoluble  part  of  the  aqueons  extract  gave : 

Carbonate  of  calcium 14*02 

Tri-calcic  phosphate 6*37 

Tri-magnesic  pnosphate 6*77 

Silica  (soluble  in  Na,COa) 24*37 

Iron  oxides,  alumina, and  some  clay  (by  difference). 60*47 

100.00 

It  will  be  observed  that  notwithstanding  the  presence  of 
considerable  amounts  of  neutral  sodium  and  calcium  salts,  that 
of  about  0*08  per  cent  of  carbonate  of  sodium  was  sufficient  to 
render  the  soil  practically  untillable.  In  this  case,  as  well  as 
in  that  of  a  very  large  amount  of  similar  **  alkali  land  "  in  the 
state,  the  application  of  a  sufficient  amount  of  gypsum  to  de- 
compose the  alkaline  carbonate,  produces  a  surprising  change; 
which,  on  the  small  scale,  can  be  perceived  at  once,  but  in  the 
field,  naturally  requires  a  season's  tillage  to  become  effective  as 
to  tilth.  It  at  once  prevents,  of  course,  the  injury  to  seeds  and 
growing  plants  arising  from  the  corrosive  action  of  the  alkaline 
carbonate,  which  helps  to  render  them  unprofitable  for  culture. 

My  suggestion  of  the  use  of  gypsum  on  soils  of  this  character, 
not  containing  enough  of  soluble  salts  to  render  their  presence 
objectionable  when  neutral,  has  already  been  tested  in  practice 
with  the  most  satisfactory  results.  It  will  be  seen  that  among 
the  soluble  salts  is  a  comparatively  very  large  amount  of  alkaline 
and  earthy  phosphates,  which  (in  accordance  with  Grandeau's  re- 
searches) follow  the  humus  acids  into  solution  even  when  the 
solvent  IS  alkaline.  Were  the  soil  to  be  thorough-drained  (as 
has  sometimes  been  done  in  order  to  relieve  the  excess  of  salts) 
these  phosphates  would  be  carried  off  in  the  drain  water.  The 
use  oi  gypsum  prevents  this  loss  by  rendering  the  phosphates 
insoluble  together  with   the  humus,  albeit  in  such   a  finely 
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divided  state  as  to  remain  perfectly  available  to  vegetation. 
The  doable  benefit  thus  gained  manifests  itself  in  the  exu- 
berant fertility  of  the  soils  so  treated.  I  shall  hereafter  de- 
scribe more  in  detail  the  very  singular  features  of  the  Califor- 
nia alkali  soils,  but  mention  the  present  as  a  conspicuous  ex- 
ample of  the  benefits  to  be  derived  from  an  intelligent,  direct 
investigation  of  soils. 

Among  the  many  other  cases  in  which  the  phenomenon  of 
flocculation  comes  into  play  in  technical  practice,  I  only  men- 
tion that  of  ore  extraction  by  means  of  solvents.  Were  the 
solvent  liquid  poured  on  the  finely  pulverized  dry  ore,  it  would 
permeate  it  with  extreme  slowness,  and  the  subsequent  wash- 
ing-out  of  the  solution  would  be  tedious  in  the  extrema  It  is 
therefore  the  universal  practice  with  all  fine  ores  to  dampen 
them  first  with  an  amount  of  water  varying  according  to  the 
nature  and  fineness  of  the  ore,  and  then  by  stirring  or  working 
over,  to  flocculate  them,  or,  in  technical  language,  to  render  them 
"  woolly."  Care  is  then  taken  to  prevent  the  inflow  of  water 
from  "puddling"  the  charge  by  direct  impact,  and  all  stirring 
or  concussion  whereby  the  flocculated  arrangement  of  the  par- 
ticles might  be  broken  down,  is  carefully  avoided. 

Similarly,  of  course,  the  leaching-out  the  soluble  salts  from 
a  true  "alkali  soil"  by  the  ordinary  process  of  percolation, 
is  almost  impossible  in  consequence  of  the  entire  absence  of 
flocculation  ;  and  can  only  be  accomplished  by  a  long  series  of 
decantations  followed  by  evaporation  to  dryness,  extiraction 
of  the  residue  by  quiet  upward  diffusion,  and  syphoning-off. 
Even  thus,  a  final  correction  for  clay  that  has  defied  Doth 
filtration  and  subsidence,  must  almost  always  be  mada 


Art.  XXV. — Remarks  on  the  Jura-  Trias  of  Western  North  Amer- 
ica; by  C.  A.  White,  Paleontologist  to  the  U.  S.  Geological 
Survey. 

The  fact  is  generally  known  that  among  North  American 
rocks  neither  the  Jurassic  nor  Triassic  period  are  any  where  so 
well  represented  as  they  are  in  certain  parts  of  Europe.  In- 
deed, until  within  a  few  years  past  it  has  not  been  claimed  as 
demonstrated  by  the  presence  of  characteristic  types  of  fossils 
that  any  strata  of  the  western  territories  of  the  U  nited  States 
are  exactly  equivalent  with  any  Triassic  strata  of  Europe, 
although  a  certain  series,  distributed  over  a  lai^e  portion  oif 
that  great  western  region  has  been  recognized  as  Jurassic ;  and 
also  a  certain  sandstone  formation,  usually  of  a  red  or  reddish 
color,  generally  present  beneath  that  Jurassic  series,  has  been 
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very  generally  referred  to  the  Trias.  It  is  my  present  purpose 
to  offer  some  remarks  upon  these  western  Mesozoic  formations, 
but  not  now  to  consider  those  strata  which  are  commonly  re- 
ferred to  the  Triassic  period  in  Connecticut  and  certain 
Atlantic  States  farther  south. 

Some  modification  of  the  views  concerning  these  western 
formations  that  have  been  just  indicated  was  produced,  but  the 
elucidation  of  the  question  of  actual  synchronism  of  these  two 
groups  with  European  strata  hardly  advanced  by  the  following 
circumstances.  The  sandstone  formation  before  referred  to, 
which,  from  its  prevalent  color  has  been  often  designated  as  the 
"Red  Beds,''  had  been  generally  regarded  as  unfossiliferous, 
except  that  some  imperfect  vertebrate  remains  and  an  abund- 
ance of  silicified  wood  have  been  found  in  its  strata ;  but  Dr. 
Hayden,  in  1869,  published*  the  statement  that  he  had  found 
unmistakable  Jurassic  fossils  near  the  base  of  this  ^roup  which 
until  then  had  been  referred  to  the  Trias  almost  without  ques- 
tion. Also,  in  1874,  Mr.  E.  E.  Howell,  then  in  charge  of  one 
of  Professor  Powell's  parties,  collected  in  southern  Utah,  from 
the  lower  portion  of  the  formation  in  question,  several  species 
of  inverteorate  fossils,  some  of  which,  at  least,  I  regard  as  spe- 
cifically identical  with  well-known  species  which,  until  then, 
had  been  found  only  in  the  unquestioned  Jurassic  strata  of  the 
western  territoriesf  As  far  as  this  paleontological  evidence 
extended,  it  seemed  to  indicate  that  all  the  Mesozoic  strata  of 
that  great  region  east  of  western  Nevada,  and  beneath  the 
Dakota  group  of  the  Cretaceous  series  belong  to  one  and  the 
same  epoch.  The  impression  however  still  prevailing  that  the 
Triassic  period,  at  least  in  part,  is  really  represented  by  the 
Red  Beds,  the  term  Jura-Trias  began  to  be  used  to  designate 
collectively  that  formation  together  with  the  Jurassic  strata 
above  it.  This  collective  designation  seems  to  have  met  with 
general  approval  and,  although  our  knowledge  concerning 
these  strata  and  their  equivalents  is  increasing,  it  seems  advisa- 
ble to  continue  it  until  further  investigation  shall  enable  us  to 
fix  upon  some  definite  horizon  for  their  separation. 

None  of  the  foregoing  remarks  are  intended  to  apply  to  the 
ffreat  development  of  Upper  Triassic  strata  which,  as  is  well 
known,  exist  near  the  western  border  of  the  continent  The 
existence  of  these  strata  was  first  made  known  in  1864,  by  the 
publication  of  volume  I,  Paleontology  of  California;  and  they 
were  still  further  described  in  the  lately  published  volumes  of 
the  United  States  Geological  Exploration,  40th  Parallel.  In  both 

*  See  page  11,  Geol.  Rep.  Ezpl.  Yellowstone  and  Missouri  Rivers.  By  F.  V. 
Hajden,  aoder  the  direction  of  Capt.  W.  F.  Rajnolds,  Corps  of  Engineers  U.  S.  A.. 
Kide  in  1860  and  published  in  1869.    8vo,  pamphlet. 

f  See  White's  paleontological  chapter  in  Powell's  Report  on  the  G^logy  of  the 
Uinta  Mountains,  pages  80  and  87. 

Am.  Joub.  Sci.— Thibd  Series,  Vol.  XVII,  No.  99.— March,  1879. 
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of  these  works  the  contained  fossils  are  fully  illustrated  and  de- 
scribed, and  the  strata  are,  by  those  fossils,  referred  to  the 
horizon  of  the  St  Cassian,  Aussee,  and  Hallstadt  deposits  of 
Europe.  Professor  Whitney  says  in  the  first  work  just  cited: 
"This  great  Triassic  belt  of  the  Pacific  coast  has  been  most 
fully  explored  by  the  survey  in  the  latitude  of  40®,  and  over  a 
width  east  and  west  of  nearly  four  degrees  of  longitude  (117° 
to  121°)  ....  But  sufficient  paleontological  evidence 
has  been  obtained  to  enable  us  to  state  that  this  formation  ex- 
tends from  Mexico  to  British  Columbia,  and  that  it  occupies  a 
vast  area,  although  much  broken  up,  interrupted  by  eruptive 
rocks,  and  covered  in  many  places  by  heavy  accumulations  of 
volcanic  materials." 

No  fossils,  however,  as  already  stated,  or  at  least  no  inver- 
tebrates, were  known  to  exist  in  any  North  American  strata 
east  of  that  region  which  could  be  confidently  referred  to  the 
Triassic  period,  until  the  autumn  of  1877,  when  a  collection 
was  brought  in  by  one  of  the  parties  of  the  United  States  Geo- 
logical  Survey  of  the  Territories,  in  charge  of  Dr.  F.  V.  Hayden, 
which  was  found  to  contain  molluscan  types  that  are  plainly 
Triassic.  The  collection  referred  to  was  made  by  Dr.  A.  C. 
Peale,  field  geologist,  from  two  or  three  localities  in  southeastem 
Idaho,  and  whicn,  with  the  other  collections  of  the  survey, 
came  into  my  hands  for  study.  They  have,  however,  only 
lately  received  investigation,  and  their  preliminary  publication 
will  soon  be  made  in  Part  I,  vol.  v,  Bull.  U.  S.  Geol.  Sur.  Terr. 

The  fossils  which  have  been  obtained  at  numerous  localities 
in  different  parts  of  the  western  territories  and  referred  with 
little  or  no  question  to  the  Jurassic  period  are  well  known; 
such,  for  example,  as  Pentacrinus  as(einscus  Meek  and  Hayden, 
Belemnites  densus  M.  &  H.,  Camptonectes  bellistriatus  M.  k  H., 
Eumicrotis  curia  Hall,  Ostrea  strigilecuta  White,  &c.  Wherever 
in  that  region  a  collection  of  Jurassic  (or  as  they  have  come  to 
be  commonly  designated,  Jura-Trias)  fossils  has  been  made, 
some  one  or  more  of  these  species  has  generally  been  found 
among  them ;  and  the  new  forms,  whenever  they  have  been 
discovered,  have  not  generally  been  in  excess  of  those  which 
were  previously  known,  thus  suggesting  the  discovery  of  no 
separate  horizons.  Almost  the  contrary,  however,  is  the  case 
with  the  collection  from  the  localities  here  referred  to  in  south- 
eastern Idaho,  because,  out  of  the  list  of  the  species  obtained 
there  and  presently  to  be  mentioned,  only  three  were  previ- 
ously known,  and  only  one  {Eumicrotis  curia)  has  ever  been 
found  associated  with  well-known  Jurassic  fossils. 

At  the  principal  one  of  these  localities,  which  is  about  sixty- 
five  miles  north  of  the  southern,  and  eighteen  miles  west  of  the 
eastern,  boundary  of  Idaho,  Dr.    Peale  found  the  Jura-Trias 
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ta  in  question  to  be  about  3,000  feet  in  thickness  of  alter- 
ng  limestones,  sandy  shales  and    sandstones,  with  about 

0  feet  of  Carboniferous  strata  beneath  them,  and  with 
ch  they  are  apparently  strictly  conformable.     He  found  in 

immediate  vicinity  no  exposures  of  the  Red  Beds,  which 
B  so  generally  been  referred  to  the  Trias,  but  he  recog- 
d  them  at  some  localities  only  a  few  miles  away ;  and  he  is 
ident  that  they  occupy  a  position  immediately  above  the 
ermost  strata  of  the  series  exposed  at  the  locality  here 
jcially  referred  to.  It  thus  appears  that  this  fossiliferous 
3S,  containing  true  Triassic  types,  occupies  a  position  beneath 
comparatively  unfossiliferous  Red  Beds  which  were  so  long 
posed  to  be  the  only  representatives  of  the  Trias  in  that  great 
on  ;  and  that  they  separate  the  former  from  the  well-known 
issic  series.  The  fossils  of  this  lower  series  were  found  at 
jrent  horizons  within  the  thickness  of  8,000  feet  exposed  at 
locality  mentioned,  the  following  being  a  list  of  them : 

Tereiratula  semisimplex  White  ;  2.   T.  augtista  Hall  &  Whit- 

1  ? ;  8.  Avicuhpecten  Idahoensis  Meek ;  4.  A,  Pealei  W. ;  5.  A. 
sW. :  6.  Eumicrotiscurtali.di\\\  7.  Meekoceras aplanatum  W. ; 
If.  Mushhachanus  W. ;  9.  M.  gracilitaius  W. ;  10.  Arceatesf 
itusW.;  11.  A? ? 

.11  except  Nos.  2,  8  and  6  of  this  list  are  new  forms,  and 
r  have  hitherto  been  found  only  within  that  limited  area  in 
,heastern  Idaho.  No.  2,  which  is  referred  by  its  authors  to 
Jurassic  of  Nevada,  is  doubtfully  identified  as  abova  The 
5  specimens  of  No.  3  were  obtained  from  another  locality  in 
;h eastern  Idaho  several  years  ago,  and  doubtless  from  the 
e  horizon  as  that  of  the  foregoing  list  No.  6  is  a  common 
il  and  has  by  different  geologists  been  reported  from 
lerous  and  widely  separated  Jurassic  localities  in  the  west. 
2ed  it  is  at  present,  by  this  species  alone,  that  the  collection 
;he  foregoing  list  is  connected  with  the  well-recognized 
issic  of  that  great  region. 

he  Brachiopods  and  Conchifers  of  this  collection  would  not 
B  attracted  particular  attention  under  the  circumstances,  but 
Cephalopods  present  types  which  had  never  been  found  in 
erican  J  urassic  strata,  but  are  clearly  Triassic ;  one  of 
3h  was  a  new  generic  form.  Having  recognized  the  unique 
•actcr  of  this  collection,  the  Triassic  type  of  the  Cephalo- 
j,  and  the  fact  that  although  closely  related  to  typical 
UiteSy  one  group  especiallv  presented  some  important  generic 
lifications,  concerning  wnich  I  desired  the  opinion  of  Pro- 
>r  Alpheus  Hyatt,  whose  excellent  and  exhaustive  labors 
n  this  class  of  fossils  are  so  well  known.  I  therefore  sent 
a  to  him  for  examination,  and  of  the  two,  or  perhaps  three, 
*ric  forms  which  they  embrace  he  describes  one  as  new, 
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UDder  the  name  of  Meekoceras,  and  refers  the  others,  doubtfallj, 
because  of  the  imperfection  of  the  specimens,  to  Arcestes  Suess. 

Now  comes  an  interesting  and,  in  view  of  the  recognized  St 
Cassian  age  of  the  Nevada  Trias  before  referred  to,  a  somewhat 
unexpected  fact  The  types  of  these  Cephalopods,  as  dis- 
tinctly stated  by  Professor  Hyatt,  have  close  affinities  with 
those  of  the  Muschelkalk  or  Middle  Trias  of  Europe,  and  not 
with  those  of  the  St.  Cassian,  Aussee,  and  Hallstadt  deposits  of 
the  European  Upper  Trias.  This  fact,  however,  need  not 
excite  especial  surprise  when  it  is  remembered  that  the  south- 
eastern Idaho  locality  is  about  four  hundred  miles  eastward 
from  that  of  the  Nevada  Trias ;  and,  furthermore,  that  the 
positions  which  they  occupy  are  respectivelj  adjacent  to  east 
and  west  borders  of  an  extensive  area  which  was  above  the 
level  of  the  sea  during  the  whole  of  Mesozoic  time ;  and  which 
extended  from  the  southern  to  the  northern  portion  of  North 
America.  The  deposits  of  the  two  regions  were  therefore 
never  directly  continuous,  and  probably  no  physical  oonnection 
of  their  strata  respectively,  need  be  sought  for. 

With  this  discoveiT  of  a  true  Triassic  &una  east  of  that  long 
continental  area  of  Mesozoic  time,  new  interest  is  given  to  the 
study  of  the  earlier  Mesozoic  rocks  of  the  western  territorie& 
There  are  such  indications  of  an  intimate  faunal  relationship 
betv^een  these  Triassic  strata  of  southeastern  Idaho  and  the 
true  Jurassic  strata  of  that  great  western  region,  that  I  still 
prefer  to  hold  to  the  provisional  designation  of  Jura-Trias  for 
the  whole  of  them.  But  in  view  of  tne  great  development  of 
the  first  mentioned  strata,  although  now  known  only  m  a  lim- 
ited area,  and  of  the  distinctively  Triassic  facies  of  its  types, 
especially  the  Cephalopods,  it  seems  not  improbable  that  we 
may  yet  find  a  physical  plane  for  their  separation  as  Jurassic 
and  Triassic  groups  respectively. 


Art.  XXVL — On  the  Illumination  of  Lines  of  Molecular  Pres- 
sure, and  the  Trajectory  of  Molecules  ;  by  William  Crookes, 
F.RS.,  V.P.C.S.* 

Induction  Spark  through  Rarefied  Oases, — Dark  Space  round 
the  Negative  Pole. — The  author  has  examined  the  dark  space 
which  appears  round  the  negative  pole  of  an  ordinary  vacuum- 
tube  when  the  spark  from  an  induction-coil  is  passed  through 
it  He  describes  many  experiments  with  different  kinds  of 
poles,  a  varying  intensity  of  spark,  and  different  gases,  and 
arrives  at  the  following  propositions : — 

*  Abstract  of  a  paper  read  before  the  Royal  Society,  Dec.  5, 18*78.    (PhU.  Mag., 
Jan.,  1879.) 
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Illumination  of  Lines  of  Moltcular  Pressure, — a.  Setting  up 
an  intense  molecular  vibration  in  a  disk  of  metal  by  electrical 
means  excites  a  molecular  disturbance  which  affects  the  surface 
of  the  disk  and  the  surrounding  gas.  With  a  dense  gas  the 
disturbance  extends  a  short  distance  only  from  the  metal ;  but 
as  rarefaction  continues,  the  layer  of  molecular  disturbance 
increases  in  thickness.  In  air  at  a  pressure  of  0'078  millim. 
this  molecular  disturbance  extends  for  at  least  8  millims.  from 
the  sar&ce  of  the  disk,  forming  an  oblate  spheroid  around  it. 

b.  The  diameter  of  this  dark  space  varies  with  the  exhaus- 
tion, with  the  kind  of  gas  in  which  it  is  produced,  with  the 
temperature  of  the  negative  pole,  and,  in  a  slight  d^ree,  with 
the  intensity  of  the  spark.  For  equal  degrees  of  exhaustion 
it  is  Kf^test  in  hydrogen  and  least  in  carbonic  acid,  as  com- 
pared with  air. 

c  The  shape  and  size  of  this  dark  space  do  not  vary  with 
the  distance  separating  the  poles,  nor  (or  only  very  slightly) 
with  alteration  of  battery-power,  nor  with  intensity  of  spai*K. 
When  the  power  is  great  the  brilliancy  of  the  unoccupied  parts 
of  the  tube  overpowers  the  dark  space,  rendering  it  difiicult  of 
observation ;  but,  on  careful  scrutiny,  it  may  still  be  seen 
unchanged  in  size ;  nor  does  it  alter  even  when,  with  a  very 
faint  spark,  it  is  scarcely  visibla  On  still  further  reduction  of 
the  power  it  fades  entirely  away,  but  without  change  of  form. 

Tne  author  describes  numerous  experiments,  devised  to 
ascertain  if  this  visible  layer  of  molecular  disturbance  is  iden- 
tical with  the  invisible  layer  of  molecular  pressure  or  stress, 
the  investigation  of  which  has  occupied  him  for  some  years. 

TTie  Ulectrical  Radiometer. — One  of  these  experiments  is  as 
follows: — An  ordinary  radiometer  is  made,  with  aluminium 
disks  for  vanes,  each  disk  coated  with  a  film  of  mica.  The  fly 
is  supported  by  a  hard  steel  cup  instead  of  a  glass  cup;  and 
the  needle-point  on  which  it  works  is  connected  by  means  of  a 
wire  with  a  platinum  terminal  sealed  into  the  glass;  at  the  top 
of  the  radiometer-bulb  a  second  terminal  is  sealed  in.  The 
radiometer  can  therefore  be  connected  with  an  induction-coil, 
the  movable  fly  being  made  the  negative  pole. 

Passing  over  the  phenomena  observed  at  low  exhaustions, 
the  author  finds  that,  when  connected  with  the  coil,  a  halo  of 
a  velvety  violet  light  forms  on  the  metallic  side  of  the  vanes, 
the  mica  side  remaining  dark  throughout  these  experiments. 
As  the  pressure  diminishes  a  dark  space  is  seen  to  separate  the 
violet  halo  from  the  metal.  At  a  pressure  of  half  a  millim. 
this  dark  space  extends  to  the  glass,  and  positive  rotation  com- 
menceSb 

On  continuing  the  exhaustion,  the  dark  space  further  widens 
out  and  appears  to  flatten  itself  against  the  glass,  and  the  rota- 
tion becomes  very  rapid. 
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When  aluminium  cups  are  used  for  the  vanes  instead  of 
disks  backed  with  mica,  similar  appearances  are  seen.  The 
velvety  violet  halo  forms  over  each  side  of  the  cup.  On 
increasing  the  exhaustion  the  dark  space  widens  out,  retaining 
almost  exactly  the  shape  of  the  cup.  The  bright  margin  of 
the  dark  space  becomes  concentrated  at  the  concave  side  of  the 
cup  to  a  luminous  focus,  and  widens  out  at  the  convex  side. 
On  further  exhaustion,  the  dark  space  on  the  convex  side 
touches  the  glass,  when  positive  rotation  commences,  becoming 
very  rapid  as  the  dark  space  further  increases  in  size  and  ulti- 
mately flattens  against  the  glass. 

Convergence  of  Molecular  Rays  to  a  Focus, — The  subject  next 
investigated  is  the  convergence  of  the  lines  of  force  to  a 
focus,  as  observed  with  the  aluminium  cup.  As  this  could  not 
be  accomplished  during  rapid  rotation,  an  instrument  was  made 
having  the  cup-shaped  negative  pole  fixed  instead  of  movable. 
On  exhaustion,  the  convergence  of  the  lines  of  force  to  a  focus 
at  the  concave  side  was  well  observed.  When  the  dark  space  is 
very  much  larger  than  the  cup,  it  forms  an  irregular  ellipsoid, 
drawn  in  toward  the  focal  point  Inside  the  luminous  ooun- 
dary  a  focus  of  dark  violet  light  can  be  seen  converging,  and, 
as  the  rays  diverge  on  the  other  side  of  the  focus,  spreading 
beyond  the  margin  of  the  dark  space — the  whole  appearance 
being  strikingly  similar  to  the  rays  of  the  sun  reflected  from 
a  concave  mirror  through  a  foggy  atmosphere. 

Oreen  Phosphorescent  Light  of  Molecular  Impact — At  very 
high  exhaustions  the  dark  space  becomes  so  large  that  it  fills 
the  tube.  Careful  scrutiny  still  shows  the  presence  of  the  dark 
violet  focus;  and  the  part  of  the  glass  on  which  fall  the  rays 
diverging  from  this  focus  shows  a  sharply  defined  spot  of 
greenish-yellow  light.  On  still  further  exhaustion,  and  espe- 
cially if  the  cup  is  made  positive,  the  whole  bulb  becomes 
beautifully  illuminated  with  greenish-yellow  phosphorescent 
light. 

This  greenish-yellow  phosphorescence,  characteristic  of  high 
exhaustions,  is  frequently  spoken  of  in  the  paper.  It  must 
be  remembered,  however,  that  the  particular  color  is  due  to 
the  special  kind  of  soft  German  glass  used.  Other  kinds  of 
glass  produce  a  different  color.  The  phosphorescence  takes 
place  only  under  the  influence  of  the  negative  pole.  At  an 
exhaustion  of  4  M  *  no  light  other  than  this  is  seen  in  the 
apparatus.  At  0*9  M  the  phosphorescence  is  about  at  its  max- 
imum. When  the  exhaustion  reaches  0*15  M,  the  spark  has 
a  difficulty  in  passing,  and  the  green  light  appears  occasionally 
in  flashes  only.  At  006  M  the  vacuum  is  almost  non-con- 
ductive; and  a  spark  can  be  forced  through  only  by  increasing 

*  M  signifies  tlie  millionths  of  an  atmosphere. 
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the  intensity  of  the  coil  and  well  insulating  the  tube  and 
wires  leading  to  it  Beyond  that  exhaustion  nothing  has  been 
observed. 

Focus  of  Molecular  Force, — In  an  apparatus  specially  con- 
structed for  observing  the  position  oi  the  focus  the  author 
found  that  the  focal  point  of  the  green  phosphorescent  light 
was  at  the  center  of  curvature,  showing  that  the  molecules  by 
which  it  is  produced  are  projected  in  a  direction  normal  to  the 
surface  of  the  pole  Before  reaching  the  heat  exhaustion  for  the 
green  light,  another  focus  of  blue-violet  light  is  observed ;  this 
varies  in  position,  getting  further  from  the  pole  as  the  exhaus- 
tion increases.  In  the  apparatus  described,  at  an  exhaustion 
of  19'3  M,  these  two  foci  are  seen  simultaneously,  the  green 
being  at  the  center  of  the  curvature,  while  the  blue  focus  is 
at  nearly  twice  the  distance. 

Nature  of  the  Chreen  Phosphorescent  Light, — The  author  ad- 
daces  the  following  characteristics  of  the  green  phosphorescent 
light,  as  distinguishing  it  from  the  ordinary  light  observed  in 
vacuum-tubes  at  low  exhaustions : 

CL  The  green  focus  cannot  be  seen  in  the  space  of  the  tube, 
but  where  the  projected  beam  strikes  the  glass  only. 

b.  The  position  of  the  positive  pole  in  the  tube  makes 
Bcarcely  any  diflference  in  the  direction  and  intensity  of  the 
lines  of  force  which  produce  the  green  light.  The  positive 
pole  may  be  placed  in  the  tube  either  at  the  extremity  opposite 
the  negative  pole,  or  below  it,  or  by  its  side. 

c.  The  spectrum  of  the  green  light  is  a  continuous  one,  most 
of  the  red  and  the  higher  blue  rays  being  absent;  while  the 
spectrum  of  the  light  observed  in  the  tube  at  lower  exhaus- 
tions is  characteristic  of  the  residual  gas.  No  difference  can 
be  detected  by  spectrum-examination  in  the  green  light,  whether 
the  residual  gas  be  nitrogen,  hydrogen,  or  carbonic  acid. 

cL  The  green  phosphorescence  commences  at  a  diflferent 
exhaustion  in  different  gases. 

e.  The  viscosity  of  a  gas  is  almost  as  pei'sistent  a  character- 
istic of  its  individuality  as  its  spectrum.  The  author  refers  to 
a  preliminary  note  and  a  diagram*  of  the  variation  of  viscosity 
of  air,  hydrogen,  and  other  gases  at  exhaustions  between  240  M 
and  0*1  M.  From  these  and  other  unpublished  results,  the 
author  finds  that  the  viscosity  of  a  gas  undergoes  very  little 
diminution  between  atmospheric  pressure  and  an  exhaustion  at 
which  the  green  phosphorescence  could  be  detected.  When, 
however,  the  spectral  and  other  characteristics  of  the  gas  begin 
to  disappear,  the  viscosity  also  commences  to  decline ;  and  at  an 
exhaustion  at  which  the  green  phosphorescence  is  most  brilliant 
the  viscosity  has  rapidly  sunk  to  an  insignificant  amount 

•  Proc.  Roy.  Soc.,  Xov.  16,  1876,  vol.  xiv,  p.  305. 


222  W.  Orocke» — Linm  of  MoUcular  Preaaurc 

f,  The  rays  exciting  green  phosphorescence  will  not  turn  a 
corner  in  the  slightest  d^ree,  but  radiate  from  the  negative  pole 
in  straight  lines,  casting  strong  and  sharply  defined  shadows 
from  objects  which  happen  to  be  in  their  path.  On  the  other 
hand,  the  ordinary  luminescence  of  vacuum-tubes  will  travel 
hither  and  thither  along  any  number  of  curves  and  angles. 

Projection  of  Molecular  Shadows. — The  author  next  examines 
the  phenomena  of  shadows  cast  by  the  green  light.  The  best 
and  sharpest  shadows  are  cast  by  nat  disks  and  not  by  narrow- 
pointed  poles;  no  green  light  whatever  is  seen  in  the  shadow 
Itself,  no  matter  how  thin,  or  whatever  may  be  the  substance 
from  which  it  is  thrown. 

From  these  and  other  experiments,  fully  described  in  the 
paper,  he  ventures  to  advance  the  theory  that  the  induction- 
spark  actually  illuminates  the  lines  of  molecular  pressure 
caused  by  the  electrical  excitement  of  the  negative  pole.  The 
thickness  of  the  dark  space  is  the  measure  of  the  mean  length 
of  the  path  between  successive  collisions  of  the  molecules. 
The  extra  velocitv  with  which  the  molecules  rebound  from  the 
excited  negative  pole  keep  back  the  more  slowly  moving  mole- 
cules which  are  advancing  towards  that  pole.  The  conflict 
occurs  at  the  boundary  of  the  dark  space,  where  the  luminous 
margin  bears  witness  to  the  energy  of  the  collisions. 

When  the  exhaustion  is  sufficiently  high  for  the  mean  leneth 
of  path  between  successive  collisions  to  be  greater  than  the  dis- 
tance between  the  fly  and  the  glass,  the  swiftly  moving  re- 
bounding molecules  spend  their  force,  in  part  or  in  whole,  on 
the  sides  of  the  vessel,  and  the  production  of  light  is  the  conse- 
quence of  this  sudden  arrest  of  velocity.  The  light  actually 
proceeds  from  the  glass,  and  is  caused  by  fluorescence  or  phos- 
phorescence on  its  surface.  No  light  is  produced  by  a  mica 
or  quartz  screen ;  and  the  more  fluorescent  the  material  the 
better  the  luminosity.  Here  the  consideration  arises  that  the 
greenish-yellow  light  is  an  effect  of  the  direct  impact  of  the 
molecules  in  the  same  electrical  state  on  the  surface  of  the 
glass.  The  shadows  are  not  optical,  but  are  molecular  shadows 
revealed  only  by  an  ordinary  illuminating  effect;  this  is  proved 
by  the  sharpness  of  the  shadows  when  projected  from  a  wide 
pole. 

Phosphorescence  of  Thin  Films, — An  experiment  is  next  de- 
scribed in  which  a  film  of  uranium  glass,  sufficientlj'  thin  to 
show  colors  of  thin  plates,  is  placed  in  front  of  a  thick  plate  of 
the  same  glass,  the  whole  being  closed  in  a  tube  with  terminals 
and  exhausted  to  a  few  niillionths  of  an  atmosphere.  Of  this 
the  following  observations  are  recorded : — 

a.  The  uranium  film,  being  next  to  the  negative  pole,  casts 
a  strong  shadow  on  the  plate. 
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b.  On  making  contact  with  the  coil,  the  thin  film  flashes  out 
suddenly  all  over  its  surface  with  a  yellowish  phosphorescence, 
which,  however,  instantly  disappears.  The  uncovered  part  of 
the  plate  does  not  become  phosphorescent  quite  suddenly,  but 
the  phosphorescence  is  permanent  as  long  as  the  coil  is  kept  at 
worK. 

a  With  an  exceedingly  faint  spark  the  film  remains  more 
luminous  than  the  plate ;  but  on  intensifying  the  spark,  the 
luminosity  of  the  film  sinks,  and  that  of  the  uncovered  part  of 
the  plate  increases. 

dL  If  a  single  intense  spark  be  suddenly  sent  though  the 
tube,  the  film  becomes  very  luminous,  while  the  plate  remains 
dark. 

These  experiments  are  conclusive  against  the  phosphores- 
cence being  an  effect  of  the  radiation  of  the  phosphorogenic 
ultra-violet  light  from  a  thin  layer  of  arrested  molecules  at  the 
sur&ce  of  the  glass ;  for  were  this  the  case,  the  film  could 
under  no  circumstances  be  superior  to  the  plate. 

The  momentary  phosphorescence  and  rapid  fading  of  the 
film  prove  more  than  this.  The  molecular  bombardment  is 
too  much  for  the  thin  film.  It  responds  thereto  at  first,  but 
immediately  gets  heated  by  the  impacts,  and  then  ceases  to  be 
luminous.  The  plate,  however,  being  thick,  bears  the  ham- 
mering without  growing  hot  enough  to  lose  its  power  of  phos- 
phorescing. 

Mechanical  Action  of  Projected  Molecules. — When  the  coil  was 
first  turned  on,  the  thin  film  was  driven  back  at  the  moment  of 
becoming  phosphorescent,  showing  that  an  actual  material  blow 
had  been  given  by  the  molecules.  Experiments  are  next 
described  in  which  this  mechanical  action  is  rendered  more 
evident  A  small  rotating  fly,  capable  of  being  moved  about 
in  any  part  of  an  exhausted  bulb,  is  used  as  an  indicator ;  and 
by  appropriate  means  the  molecular  shadow  of  an  aluminium 
plate  is  projected  along  the  bulb.  Whether  entirely  in  or 
entirely  out  of  the  shadow,  the  indicator  scarcely  moves  ;  but 
when  immersed  so  that  one-half  is  exposed  to  molecular  impact 
the  fly  rotates  with  extreme  velocity. 

Magnetic  Deflection  of  Lines  of  Molecular  Force. — With  this 
apparatus  another  phenomenon  was  investigated.  It  is  found 
that  the  stream  of  molecules  whose  impact  on  the  glass  occa- 
sions evolution  of  light  is  veiy  sensitive  to  magnetic  influence; 
and  by  bringing  one  pole  of  an  electromagnet,  or  even  of  a 
small  permanent  magnet,  near,  the  shadow  can  be  twisted  to 
the  rignt  or  to  the  left 

When  the  little  indicator  was  placed  entirely  within  the 
molecular  shadow  no  movement  was  produced.  As  soon,  how- 
ever, as  an  adjacent  electromagnet  was  excited,  the  shadow  was 
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twisted  half  off  the  indicator,  which  immediately  rotated  with 
great  speed. 

The  Trajectory  of  Molecules. — The  amount  of  deflection  of  the 
stream  of  molecules  forming  a  shadow  is  in  proportion  to  the 
magnetic  power  employed. 

The  trajectory  of  the  molecules  forming  the  shadow  is 
curved  when  under  the  magnetic  influence;  the  action  of  the 
magnet  is  to  twist  the  trajectory  of  the  molecules  round  in  a 
direction  at  an  angle  to  the  free  path,  and  to  a  greater  extent 
as  they  are  nearer  the  magnet,  the  direction  of  twist  being  that 
of  the  electric  current  passing  around  the  electromagnet 

Laws  of  Magnetic  Deflection. — An  apparatus  was  constructed 
so  that  the  deflection  of  a  spot  of  light  was  used  instead  of 
that  of  a  shadow,  a  horseshoe  magnet  being  placed  underneath 
the  negative  pole  to  deflect  the  trajectory.  The  action  of  the 
north  pole  being  to  give  the  line  of  molecules  a  spiral  twist  one 
way,  and  that  of  the  south  pole  being  to  twist  in  the  other  way 
the  two  poles  side  by  side  compel  the  line  to  move  in  a  straight 
line  up  or  down,  along  a  plane  at  right  angles  to  the  plane  of 
the  magnet  and  a  line  joining  its  poles. 

The  ray  of  molecules  does  not  appear  to  obey  Ampere's  law, 
as  it  would  were  it  a  perfectly  flexible  conductor,  joining  the 
negative  and  the  positive  pole.  The  molecules  are  projected  from 
the  negative;  but  the  position  of  the  positive  pole — ^whether 
in  front,  at  the  side,  or  even  behind  the  negative  pole — has  no 
influence  on  their  subsequent  behavior,  either  in  producing 
phosphorescence,  or  mechanical  effects,  or  in  their  magnetic 
deflection.  The  magnet  gives  their  line  of  path  a  spiral  twist, 
greater  or  less  according  to  its  power,  but  diminishing  as  the 
molecules  get  further  off. 

Numerous  experiments  were  tried  in  this  apparatus  with  dif- 
ferent gases,  and  with  the  magnet  in  and  out  of  position. 

Working  with  exhausted  air  it  was  found  that  the  spot  of 
green  phosphorescence  on  the  screen  is  visible  at  an  exhaustion 
of  102*6  millim.,  when  the  mean  free  path  of  the  molecules, 
measured  by  the  thickness  of  the  dark  space  round  the  na- 
tive pole,  is  only  12  millims.  Hence  it  follows  that  a  number 
of  molecules  sufficient  to  excite  green  phosphorescence  on  the 
screen  are  projected  the  whole  distance  from  the  pole  to  the 
screen,  or  102  millims.,  without  being  stopped  by  collisions. 

Alteration  of  Molecnlar  Velocity, — If  we  suppose  the  magnet 
to  be  permanently  in  position,  and  thus  to  exert  a  unifonn 
downward  pull  on  the  molecules,  we  perceive  that  the  trajec- 
tory is  mucn  curved  at  low  exhaustions,  and  gets  flatter  as  the 
exhaustion  increases.  A  flatter  trajectory  corresponds  to  a 
higher  velocity.  This  may  arise  from  one  of  two  conditions: 
either  the  initial  impulse  given  by  the  negative  pole  is  stronger 
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or  the  resisting  medium  is  rarer.  The  latter  is  probably  the 
true  one.  The  molecules  which  produce  the  green  phospho- 
rescence must  be  looked  upon  as  in  a  state  diflFering  from  tnose 
arrested  by  frequent  collisions.  The  latter  impede  the  velocity 
of  tlie  free  molecules  and  allow  longer  time  lor  magnetism  to 
act  on  them ;  for,  although  the  deflecting  force  of  magnetism 
might  be  expected  to  increase  with  the  velocity  of  the  mole- 
cules, Prof.  Stokes  has  pointed  out  that  it  would  have  to 
increase  as  the  square  of  the  velocity,  in  order  that  the  deflec- 
tion should  be  as  great  at  high  as  at  low  velocities. 

Comparing  the  free  molecules  to  cannon-balls,  the  magnetic 
pull  to  the  earth's  gravitation,  and  the  electrical  excitation  of 
the  negative  pole  to  the  explosion  of  the  powder  in  the  gun, 
the  trajectory  will  be  flat  wnen  no  gravitation  acts,  and  curved 
when  under  the  influence  of  gravitation.  It  is  also  much 
curved  when  the  ball  passes  through  a  dense  resisting  medium  ; 
it  is  less  curved  when  the  resisting  medium  gets  rarer;  and,  as 
already  shown,  intensifying  the  induction  spark,  equivalent  lo 
increasing  the  charge  of  powder,  gives  greater  initial  velocity, 
and  therefore  flattens  the  trajectory.  The  parallelism  is  still 
closer  if  we  compare  the  evolution  of  light  seen  when  the  shot 
strikes  the  target,  with  the  phosphorescence  on  the  glass  screen 
from  molecular  impacts. 

Focus  of  Heat  of  Molecular  Impact — The  author  finally  de- 
scribes an  apparatus  in  which  he  shows  that  great  heat  is  evolved 
when  the  concentrated  focus  of  rays  from  a  nearly  hemispheri- 
cal aluminium  cup  is  deflected  sideways,  to  the  walls  of  the 
glass  tube,  by  a  magnet  By  using  a  somewhat  larger  hemi- 
sphere, and  allowing  the  negative  focus  to  fall  on  a  strip  of 
platinum-foil,  the  heat  rises  to  the  melting-point  of  platinum. 

An  Ultra-gaseous  state  of  Matter, — The  paper  concludes  with 
some  theoretical  speculations  on  the  state  in  which  the  matter 
exists  in  these  highly-exhausted  vessels.  The  modern  idea  of 
the  gaseous  state  is  based  upon  the  supposition  that  a  given 
space  contains  millions  and  millions  of  molecules  in  rapid 
movement  in  all  directions,  each  having  millions  of  encounters 
in  a  second.  In  such  a  case,  the  lengtli  of  the  mean  free  path 
of  the  molecules  is  exceedingly  small  as  compared  with  the 
dimensions  of  the  vessel,  and  the  properties  which  constitute 
the  ordinary  gaseous  state  of  matter,  which  depend  upon  con- 
stant collisions,  are  observed.  But  by  great  rarefaction  the 
free  path  is  made  so  long  that  the  hits  in  a  given  time  may  be 
disr^arded  in  comparison  with  the  misses,  in  which  case  the 
average  molecule  is  allowed  to  obey  its  own  motions  or  laws 
without  interference;  and  if  the  mean  free  path  is  comparable 
to  the  dimensions  of  the  vessel,  the  properties  which  constitute 
gaseity  are  reduced  to  a  minimum,  and  the  matter  becomes 
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exalted  to  an  ultra-gaseous  state,  in  which  the  ver^  decided  but 
hitherto  masked  properties  now  under  investigation  come  into 
play. 

Rays  of  Molecular  Light — In  speaking  of  a  ray  of  molecular 
light  the  author  has  been  guided  more  by  a  desire  for  concise* 
ness  of  expression  than  by  a  wish  to  advance  a  novel  theoiy. 
Bat  he  believes  that  the  comparison,  under  these  special  cir- 
cumstances, is  strictly  correct,  and  that  he  is  as  well  entitled  to 
speak  of  a  ray  of  molecular  or  emissive  light  when  its  presence 
is  detected  only  by  the  light  evolved  when  it  falls  on  a  suitable 
screen^  as  he  is  to  speak  of  a  sunbeam  in  a  darkened  room  as  a 
ray  of  vibratory  or  ordinary  light  when  its  presence  is  to  be 
seen  only  by  interposing  an  opaque  body  in  its  path.  In  each 
case  the  invisible  line  of  force  is  spoken  of  as  a  ray  of  light; 
and  if  custom  has  sanctioned  this  as  applied  to  the  undulatory 
theory,  it  cannot  be  wrong  to  apply  the  expression  to  the  emis- 
sive li^ht.  The  term  emissive  light,  must,  however,  be  re- 
strictea  to  the  rays  between  the  negative  pole  and  the  luminous 
screen ;  the  light  by  which  the  eye  then  sees  the  screen  is,  of 
course,  undulatory. 

The  phenomena  in  these  exhausted  tubes  reveal  to  physical 
science  a  new  world — a  world  where  matter  exists  in  a  fourth 
state,  where  the  corpuscular  theory  of  li^ht  holds  good,  and 
where  light  does  not  always  move  in  a  straight  line — ^but  where 
we  can  never  enter,  and  in  which  we  must  be  content  to 
observe  and  experiment  from  the  outside. 


Art.  XXVII. — On  the  Chemical  Composition  of  TriphyliU;  by 
Samuel  L.  Penfield,  Ph.B.,  Assistant  in  the  SheflBeld  Lab- 
oratory.—  Contributions  from  the  Sheffield  Laboratory  of  Yak 
College,  No.  LIII. 

In  June,  1877,  I  published*  an  analysis  of  triphylite  from 
Grafton,  New  Hampshire,  and  showed  that  the  composition  of 
that  variety  of  the  species  conformed  to  the  general  formula 

n  I 

B8P2O8+R8PO4.  I  am  now  able  to  add  analyses  of  the  same  min- 
eral from  Norwich,  Massachusetts,  and  from  Bodenmais,  Bavaria, 
and  also  of  the  allied  manganese-lithium  phosphate,  lithiophilite, 
from  Branchville,  Conn. ;  the  results  of  these  analyses  remove 
all  doubt  in  regard  to  the  true  formula  belonging  to  this  group 
The  specimen  from  Norwich,  Massachusetts,  I  received  from 
Professor  Brush.  He  had  previously  identified  it  asf  forming 
the  nucleus  of  a  large  crystal  of  the  well  known  pseudomo^ 
phous  black  phosphate  of  iron,  manganese  and  lithium,  which 

♦  This  Journal,  IH,  xiii,  426,  June,  1877.    f  It>id.,  II,  xxady,  402,  Nov.  1861 
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urs  at  that  locality  associated  with  spodumena  This  un- 
bred triphylite  is  very  rare,  but  the  specimen,  a  portion  of 
ich  was  used  for  analysis,  was  bright  and  lustrous,  with  the 
tinct  cleavages,  and  all  the  physical  characters  of  the  original 
leral.  The  following  analyses  give  additional  proof  of  its 
ng  Quite  free  from  alteration. 

1.)  Triphylite  from  Norwich,  Masa;  color  greyish  green, 
cific  gravity  =8'584. 


I. 

n. 

Mean. 

Atomic  reUtton. 

»0 

4472 

44*80 

4476 

P 

•630 

2640 

2640 

26-40 

Fe 

•366' 

) 

17-87 

17-80 

17^84 

Mn 

•261 

^%tfh  tfk 

•16 

•33 

•24 

Ga 

•004 

.  =  •633 

) 

•49 

•45 

•47 

Mg 

•012 

) 

0 

9-37 
•32 

934 
•38 

9*36 
•35 

Li 

Na 

•622' 
•010 

t  =  632 

\ 

•53 

•30 

•42 

99*86 

99-80 

99*84 

Li, 

Na, 

•311 
005 

.  =*316 

["he  analyses  of  the  Bavarian  triphylite  which  have  been 
)Iished  do  not  agree  very  satisfactorily,  and  have  left  some 
ibt  in  regard  to  the  true  composition  of  the  mineral.  With 
iew  to  settling  this  point  I  have  also  analyzed  an  authentic 
cimeii  from  Bodenmais,  Bavaria.  This  was  furnished  to  me 
Professor  Brush ;  he  had  received  it  from  Dr.  Hugo  Miiller, 

0  had  himself  collected  it  at  the  locality.     It  was  quite  pure, 

1  entirely  free  from  any  traces  of  alteration.     The  results  of 
analysis  are  given  below ;  it  will  be  seen  that  it  has  afforded 

exceptionally  large  percentage  of  lithia. 

2.)  Triphylite  from  Bodenmais;  color  light  blue,  specific 

vity  =8-549. 


1. 

n. 

Mean. 

Atomic  relation. 

5 

4316 

4319 

43-18 

P 

•608 

36*23 

36-20 

36-21 

Fe 

•503' 

) 

895 

8-96 

896 

Mn 

•126 

£%  ap  4^ 

•08 

•12 

-10 

Ca 

•002 

.  =  ^652 

> 

•84 

•83 

•83 

Mg 

•021 

) 

0 

8^14 
•31 

8^15 
•22 

8-15 
•26 

Li 

Na 

■lfA=-^^^ 

\ 

•92 

•82 

•87 

/ 

joe 

•82 

•84 

•83 

Li, 
Na, 

•272 
•004  i 

^  =^276 

99*45  99-33  99*39 

.^hese  three  localities,  Bodenmais,  Norwich  and  Grafton  are, 
h  that  in  Finland,  the  only  ones  at  which  the  mineral  triphy- 

bas  been  found.  In  connection  with  these  it  is  interesting 
lote  the  mineral  lithiophilite  from  Branchville,  Connecticut, 
mtly  described  by  Messrs.  Brush  and  Dana*  and  shown  by 
n  to  be  analogous  to  triphylite  in  composition.     This  min- 

was  firet  analyzed  by  Mr.  H.  K  Wells  of  the  Sheffield 

*This  Journal,  III,  zri,  119,  August,  1878. 
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Laboratorjr.  I  have  made  an  analysis  of  it,  but  of  another  and 
slightly  diflferent  variety,  obtained  by  Messrs.  Brush  and  Dana 
since  tne  publication  of  their  paper  and  from  an  independent, 
though  closely  contiguous  deposit  The  material  was  particu- 
larly fresh  and  free  from  alteration. 

The  results  of  the  analysis  are  as  follows : 

(3.)  Lithiophilite  from  Branchville,  Conn.;  color  light  cIofc 
brown  ;  specific  gravity  =8*482. 

IL  Mean.  Atomic  relaCIOB. 

46-22  46-22  P  -$36 

12-92  1301  Fe  180  )       _,, 

3212  32-02  Mn  451  f -'^^ 


I. 

P.O. 

45-22 

FeO 

1310 

MnO 

31-93 

Li,0 

9-26 

Na,0 

-28 

H,0 

•17 

Gkingue 

•31 

9-26  Li  -618 

•29 
•17 


•30  -29  Na  -010  f=*^*^ 

•28  -29  Lis  -309 


Nfta  -005 


[=•314 


100-26 

In  the  following  table  the  atomic  ratio  for 

P:  ]^=Fe,  Mn,  Ca,  Mg):  B{=U,  Na) 

is  given  for  each  of  the  three  above  analyses,  and  also  for  the 
Grafton  mineral  as  analyzed  by  me  (1.  c.)  and  for  the  lithiophi- 
lite analyzed  by  Mr.  H.  L.  Wells  (L  c). 

P 

Triphylite,  Bodenmais,  -608 

"  Norwich,  Mass.,  -630 

"  Grafton,  N.  H.,  ^620 

Lithiophilite,  Branchville,  Penfield,  636 

Wells,        -628 


ti  (i 


II 
R 

I 
R 

662    : 

•662  =   1 

:     1-07 

:    0-91 

633    : 

:      632  =  1 

:     1-00 

:    1-00 

651 

:    •egs  =  1 

:     105 

:    0-9: 

631     : 

•628  =   1 

:     099 

:    0-98 

'632 

:      580  =  1 

:     100 

:    0-93 

All  of  these  approach  very  closely  to  ratio  1:1:1,  required 
by  the  general  formula 


RjPtOs   +  RaPO^    or    RRPO4. 


The  Bavarian  mineral  deviates  most  widely  from  this,  and  a 
similar  though  less  pronounced  deviation  is  seen  in  that  found 
at  Grafton.     In  all  the  five  cases,  however,  it  will  be  observed 

n       I 

that  the  required  ratio  of  1:1'5  for  PiE+B,  is  very  nearlj 
given,  as  is  seen  in  the  following  table : 


Tripliylite,  Bodenmais, 
•'         Norwich, 

P 

II         X 

R  +  R, 
:     1^52 
:     150 

Grafton, 

:     153 

Lithiophilite,  Branchville,  Penfield. 

Wells, 

r48 
:     1-47 

In  order  to  bring  out  the  relations  of  the  different  varieties 
of  triphylite  to  each  other  in  respect  to  the  amounts  of  iron  and 
manganese  contained  in  them,  and  also  of  these  in  turn  to  the 
allied  species  lithiophilite,  the  five  analyses  from  which  the  above 
ratios  were  obtained  are  given  together  in  the  following  table: 
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TriphyUte.  LithiophUite. 

(4.)  BranchYllIe       (6.)  BranchvUIe 
(1.)  BodeniDAli.  (2.)  Norwich.    (8.)  Gra/ton.  (Fenfleld).  (Weill). 

P,0«  4318  44-76  4403  4622  4467 

FM  36*21  26-40  26*23  13*01  4*02 

MnO  8-96  17-84  18  21  32*02  40*86 

CaO  -10  24  94                     

llgO  -83  -47  *69                      

Li«0  8-15  9*36  879  9*26  8*63 

K,0                -32                     

Na,0  -26  -36  12  -29  -14 

H,0  -87  -42  1*47  -17  -82 

Gangae  -83              -29  -64 

99*39  99-84  100*70  100*20  99*78 

This  series  of  analyses  shows  in  a  very  striking  way  the  trans- 
itions from  triphylite,  the  phosphate  of  iron  and  lithium,  to  lithi- 
ophilite,  the  phosphate  of  manganese  and  lithium;  to  the  first 
belongs  the  formula  LiFeP04  and  to  the  second  LiMnPOi, 

In  closing  this  paper  I  wish  to  acknowledge  my  indebtedness 
to  Professor  George  J.  Brush,  who  has  most  liberally  furnished 
me  with  the  material  needed  for  my  examination. 

SheiBeld  Laboratory,  Dec  16, 1878. 


Abt.  XXVIII. — Notes  on  the  Mesozoic  Strata  of  Virginia  ;  by 

Wm.  M.  Fontaine. 

[Concluded  from  pag^  167.] 

Petersburg  Belt — This  exhibits  many  of  the  peculiar  features 
seen  in  the  Fredericksburg  Belt,  but  on  a  more  exaggerated 
scale.  We  do  not  however  recognize  more  than  one  series. 
The  strata  are  well  exposed  at  Richmond  in  the  lowest  points 
reached  by  the  erosion  of  the  streams.  They  occur  here  with 
the  Eocene  and  Miocene  in  place  above' them.  They  form  the 
lowest  visible  beds  in  the  river  bank  all  the  way  down  to 
Farrar's  Island,  and  a  short  distance  eastward  of  it  They  also 
occur  in  a  similar  position  in  the  banks  of  the  Appomatox  up 
to  Petersburg,  being  in  the  vicinity  of  the  rivers  covered  by 
only  the  lowest  of  the  Eocene  strata,  the  rest  of  the  Tertiary 
haying  been  removed.  The  canal  cut  by  General  Butler 
in  the  late  war,  through  the  narrow  neck  of  Farrar's  Island  at 
Dutch  Gap,  in  order  to  avoid  the  bend  of  the  river,  gives 
a  good  exposure.  The  description  I  shall  give  of  the  strata 
applies  more  particularly  to  the  beds  exposed  at  this  last 
named  locality,  though  it  is  applicable  with  some  modifica- 
tions throughout  the  belt  The  beds  incline  gently  eastward, 
and  disappear  under  the  Tertiary.  It  is  not  known  how  far 
they  pass  in  this  direction,  but  from  their  great  comparative 
development  where  they  disappear,  they  no  doubt  penetrate 
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far  under  the  Tertiary.  The  lithology  and  stratigraphy  pre- 
sent many  remarkable  features,  only  a  few  of  which  can  be 
noticed.  The  thickness  of  the  strata  and  coarseness  of  the 
component  matters,  strange  to  say,  is  greatest  at  the  farthest 

E)int  to  the  east  at  which  they  show  themselves,  viz :  near 
utch  Gap,  although  the  source  of  the  material  is  to  the  west 
Not  more  than  fifty  or  sixty  feet  of  strata  appear  in  the  banks 
of  the  stream  here,  but  from  the  manner  in  which  the  bloffi 
descend  beneath  the  water,  and  the  depth  of  the  latter,  the 
total  thickness  near  Dutch  Gap  cannot  be  less  than  one  hundred 
and  fifty  feet,  while  near  Bichmond  it  is  not  more  than  fifty  or 
sixty  feet  The  variableness  of  the  material,  and  the  com- 
plexity of  the  rapidly  shifting  planes  of  false-bedding  are  so 
great,  that  no  two  sections  taken  a  few  feet  Apart  will  be  similar; 
indeed  the  entire  mass  has  the  character  of  a  "Kame." 

The  greater  portion  and  the  finer  matter  of  the  beds  is  a  sort 
of  incoherent  grit,  composed  of  grains  of  quartz,  particles  of 
feldspar  in  all  stages  oi  decomposition,  and  scales  of  mica,  all 
mingled  together  without  sorting  and  devoid  of  laminatioD, 
forming  a  mass  without  bedding,  but  penetrated  by  numeroas 
and  intricate  false-bedding  planes.  This  material  which  is 
plainly  derived  from  the  granitic  and  gneissic  rocks  to  the 
west,  is  filled  with  small  stones  which  are  scattered  confusedly 
throughout  its  mass.  These  are  usually  composed  of  quarts. 
While  this  is  the  more  common  material,  we  often  find  that 
locally,  most  of  the  material  is  the  previously  mentioned  white, 
non-plastic  earth,  mingled  with  great  quantities  of  small  Pots- 
dam stones,  the  whole  being  formed  oi  the  debris  of  Potsdam 
strata.  Throughout  the  series,  beds  and  pockets  of  large  stones 
occur  of  very  variable  extent  and  thickness.  These  are  much 
more  abundant  toward^  the  top.  They  seem  to  be  formed  by 
the  local  removal  of  the  noiTnal  grit,  and  the  filling  of  the 
excavations  with  the  stones.  Thus  we  find  that  a  mass  of  lai*ge 
stones,  composing  nearly  all  of  the  visible  bank  of  the  stream, 
will  pass  aoruptly  into  the  ordinary  pebbly  grit,  or  even  fine 
sandy  matter.  Such  pockets  of  stones  are  composed  almost 
entirely  of  Potsdam  quartzite  and  sandstones,  well  rounded  and 
smoothed.  The  stones  are  more  commonly  under  eight  to  ten 
inches,  but  they  occur  a  foot  or  more  in  diameter.  They  are 
usually  packed  in  a  finer  material  composed  of  Potsdam  debris. 
While  these  masses  of  stones  are  especially  abundant  in  the 
highest  portions  of  the  series,  they  are  not  confined  to  this. 
Thus  the  lowest  stratum  that  I  saw  exposed,  was  composed  in 
one  locality  of  rounded  Potsdam  stones,  six,  eight,  ten  and 
even  twelve  inches  in  diameter,  packed  as  closely  as  possible 
together,  and  looking  much  like  a  section  of  the  cobble-paved 
streets  of  Eichmond. 
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Toward  the  top  of  the  series,  we  find  very  commonly  short 
layers,  and  nests  of  clay  enveloped  in  the  grit,  but  so  sharply 
distinct  from  it  that  the  clay  seems  to  have  been  laid  down  on 
depressions  in  the  surface  of  the  grit  during  pauses  in  the 
deposition  of  this  material.  The  distinctness  is  so  great  that  at 
the  line  of  junction  of  the  two,  the  grains  of  the  grit  may  be 

Eicked  out  separately  from  the  clay.  This  clay  sometimes, 
owever,  is  interstratified  for  some  distance  with  the  sandy 
matter,  the  layers  of  sandy  grit  and  clay  alternating  but  not  pass- 
ing into  each  other.  The  clay  is  most  commonly  bluish  or  grayish 
in  color,  less  commonly,  pale  reddish  or  liver-colored.  It  is  very 
fine  grained,  highly  plastic  and  tenacious,  and  thus  contrasts 
strongly  with  the  matter  in  which  it  is  imbedded.  The  layers 
are  rarelv  over  a  foot  thick,  and  sometimes  occur  at  short 
intervals  apart,  separated  by  the  pebbly  grit  They  then  often 
show  the  curious  features  of  inclining  at  various  angles 
toward  each  other,  and  of  being  cut  off  abruptly  by  the  coarse 
matter.  A  seam  of  clay  will  thus  sometimes  abut  against  a 
nest  of  stones.  In  one  place  I  saw  three  such  short  layers 
diverging  from  one  extremity  (where,  however,  they  were  not 
nnited^  like  the  fingers  of  a  hand,  and  ending  abruptly  in  the 
normal  pebbly  grit  They  do  not  usually  extend  horizontally 
more  than  twenty  or  thirty  feet 

With  these  clay  seams  we  often  find  rolled  masses  of  similar 
matter,  which  sometimes  have  the  diameter  of  four  or  five  feet. 
These  balls  are  enveloped  in  the  grit,  and  commonly  are 
attended  with  large  Potsdam  stones.     The  balls  are  plainly 

S reduced  by  the  tearing  up  of  the  clay  immediately  after 
eposition.  Sometimes  a  portion  of  a  clay  bed  will  be  cut 
away  by  the  eroding  force,  and  rolled  some  distance  and  then 
coverea  by  the  floods  of  sandy  matter  carried  forward  by  the 
agent  which  produced  the  erosion.  These  clays  must  have 
been  brought  from  a  very  different  source  from  that  which 
yielded  the  coarse  matter,  and  they  seem  to  have  been  laid  down 
on  the  irregular  and  shifting  surface  of  the  grit  in  pauses  of 
the  action  of  the  force  which  produced  this  latter,  hence  the 
irregular  inclination  and  local  development  of  the  clays.  A 
renewal  of  the  action  of  the  powerful  force  which  was  involved 
in  the  transport  of  the  coarser  matters,  would  cut  away  and 
bnry  the  clays.  I  do  not  find  in  place,  any  deposit  which  by 
its  erosion  could  have  yielded  these  clays.  Their  composition 
and  character  is  just  that  of  the  thoroughlj''  decomposed  and 
slowly  accumulated  matter  from  granite  and  gneiss.  I  am 
strongly  inclined  to  the  opinion  that  they  represent  marshes 
within  the  Azoic  area,  which  were  swept  away  in  the  general 
and  extensive  erosion  of  its  surface  which  took  place  at  this 
time.     This  clay  is  of  special  importance  a^  it  contains  the 
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plants  to  be  meDtioned  farther  on.  Besides  well-preserved 
plants,  it  contains  much  lignite  and  comminated  vegetable 
matter  which  gives  it  often  a  dark  color.  The  plants  are  all 
drifted  apparently  from  some  distance,  and  but  a  small  num- 
ber are  well  enough  preserved  to  be  determined.  The  texture 
of  the  cla^  is  so  close  that  sometimes  the  entire  substance  of 
the  plant  is  preserved. 

The  summit  of  the  grit  is  sometimes  partly  laminated  and 
contains  occasionally  a  layer  of  clay,  as  if  a  pause  in  the  sedi- 
mentation had  taken  place  for  a  short  time.  On  this,  or  on  the 
summit  of  the  grit,  there  occurs  very  generally,  but  not  always, 
a  very  remarkable  bed  of  stones  packed  in  grit  like  that  of  the 
mass  on  which  it  rests.  This  latter  is  more  or  less  eroded  and 
trenched.  This  bed  of  stones  is,  I  think,  the  representative  of 
the  surface  stones  mentioned  above  as  occurring  in  the  Fred- 
ericksburg Belt.  It  represents  a  force  which  swept  over  the 
Azoic  on  the  west,  as  well  as  over  the  Mesozoic  here,  and  in  the 
Bichmond  Belt  Tt  seems  to  have  been  the  closing  deposit  of 
the  Mesozoic  series  in  these  border  belts  for  it  is  n>llowed  by 
the  Eocene  strata. 

These  stones  form  a  most  heterogeneous  mass,  a  true  drift 
deposit  The  mass  is  of  varying  thickness,  usually  six  to  tea 
feet  Sometimes,  however,  it  thickens  up  to  fifteen  or  more 
feet  and  thins  down  to  three  or  four,  or  disappears.  The  ma- 
terial is  a  mixture  of  gravel,  large  rounded  stones,  and  more  or 
less  angular  and  large  masses.  The  rounded  stones  are  mostly 
Potsdam,  usually  four  to  six  inches  in  diameter  or  under,  but 
quite  often  one  and  two  feet  The  smaller  stones  are  well 
rounded,  the  larger  are  sub-angular  but  still  quite  smooth. 
They  often  show  Scolithus  markings.  Mingled  with  these, 
usually  occurring  at  the  top  of  the  bed,  we  find  the  large  blocks 
which  are  of  Azoic  rocks,  and  include  varieties  found  at  various 
points  to  the  west  as  far  as  the  Blue  Eidge.  It  is  noteworthy 
that  this  is  the  only  horizon  in  the  Mesozoic  here,  which  shows 
any  coarse  matter  but  quartz,  which  would  be  furnished  by  the 
Azoic.  The  most  numerous  of  the  masses  and  the  largest,  are 
furnished  by  the  granites  and  gneisses  west  of  Bichmond.  Blocks 
of  these,  three  to  four  feet  in  diameter  are  common,  but  sometimes 
they  are  ten  and  twelve  feet  These  are  usually  more  or  less 
abraded.  Gneiss  and  mica  schist  from  farther  west  occur  in 
large  slabs,  sometimes  showing  but  little  wear.     Some  vein 

?uartz  from  the  Azoic,  and  fragments  of  the  sandstones  of  the 
lichmond  Coal  field  are  seen,  but  not  commonly.  Masses  of 
the  peculiar  chloritic  and  other  schists  of  the  Blue  Bidge 
far  to  the  west,  are  not  rare.  These  often  attain  the  dimen- 
sions of  three  or  four  feet,  and  are  commonly  but  little 
abraded.     None  of  these  stones  or  those  of  the  Fredericksburg 
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Belt,  show  glacial  strise,  but  some  of  them  show  a  mode  of  wear 
and  polish  highly  suggestive  of  ice  action.     Indeed  it  is  not 

Erobable  that  these  fragments  would  show  striations  even  if  they 
ad  been  imbedded  in  ice  moving  over  the  land,  for  the  surface 
was  no  doubt  too  deeply  decayed,  and  in  too  incoherent  a  con- 
dition to  produce  scratches. 

Besides  the  Potsdam,  we  find  other  material  which  has  been 
brought  from  west  of  the  Blue  Ridga  Slabs  of  the  character- 
istic fossiliferous  layers  of  the  Chemung  occur,  but  rarely  how- 
ever. They  contain  impressions  of  the  stems  of  Chemung 
Crinoida 

Mssil  Plants. — Though  the  clays  are  full  of  vegetable  matter, 
it  is  only  locally,  and  in  very  restricted  layers,  that  we  find 
determinable  plants.  These  are  very  interesting  and  sometimes 
beautifully  preserved.  They  consist  of  Conifers,  Ferns  and 
Cycads.  The  Conifers  sometimes  retain  their  cones.  They  be- 
long to  several  species,  among  which  we  may  mention  a  plant 
very  close  to,  if  not  identical  with,  WiddringUmites  Haidingeri 
Etting.,  a  Wealden  species.  Another  is  very  near  to  or  identical 
with,  Araucarites  curvifolius  Etting.,  also  a  Wealden  plant 
The  ferns  and  a  Jeanpaulia,  have  a  decided  Wealden  facies. 
Bat  the  most  abundant  and  characteristic  plant  of  the  beds  is 
a  fossil  identical  with  that  fine  C3'cad,  Pkrophyllum  (Dionitcs 
of  Schimper)  Buchianum  Etting.,  which  is  a  species  of  the 
Wealden  of  Germany.  This  exists  in  immense  numbers,  and 
shows  compound  leaves  two  feet  long.  I  observed,  imbedded 
in  the  grit  composing  the  bank  of  the  canal  at  Dutch  Gap,  a 
coniferous  tree  which  in  the  part  projecting  from  the  earth  is 
eighteen  inches  in  diameter.  Forty  feet  are  said  to  have  been  cut 
oflF  from  it  in  opening  and  widening  the  canal.  It  is  merely 
browned  and  does  not  yet  seem  to  have  reached  the  stage  of 
true  lignite.  The  wood  seems  to  be  like  that  of  Pinus  strobus^ 
and  shows  the  annual  rings  distinctly.  It  may  be  worked  with 
tools,  not  having  wholly  lost  its  coherence.  The  grit  contains 
only  lignitic  and  silicified  wood.  Taken  as  a  whole,  the  plants 
are  decidedly  Wealden.  I  did  not  see  a  single  species  similar 
to  those  of  the  Richmond  coal  field,  though  several  seem  iden- 
tical with  Fredericksburg  species. 

Surface  deposits  of  the  Azoic. — If  we  ascend  from  the  river  to 
the  top  of  the  hills  near  Dutch  Gap,  we  find  ourselves  on 
an  undulating  plain,  composed  of  Tertiary  sands  and  clays,  and 
possibly  later  beds.  We  observe  no  drift  matter  on  this  surface. 
if  however  we  proceed  westward,  we  find  the  Tertiary  accom- 
panying us  until  we  approach  the  Azoic  border,  and  still  with- 
out surface  drift  But  in  the  vicinity  of  the  Azoic,  where  the 
Mesozoic  crops  out  from  under  the  Tertiary,  we  find  the  Pots- 
dam stones,  Azoic  erratics,  fragments  of  Mesozoic  sandstones, 
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etc.,  quite  abundant,  lying  scattered  over  the  surface.  Passing 
still  farther  west,  we  find  the  same  material  with  the  fragments 
of  the  Richmond  coal  rocks  becoming  more  abundant,  and 
when  we  pass  west  of  this  field  these  coal  rocks  disappear,  but 
we  still  have  the  other  material.  The  Potsdam  stones  however 
do  not  pass  westward  over  the  whole  Azoic  area.  They  become 
confined  to  a  belt  along  the  James,  in  the  upper  course  of  that 
river.  I  do  not  know  what  is  their  disposition  on  the  Upper 
Appomatox,  as  I  have  not  examined  the  country  in  that  quarter. 
It  is  plain  that  this  coarse  drift  is  the  product  of  the  same  force 
which  formed  the  uppermost  bed  of  the  Mesozoic  at  Dutch  Gap. 

The  belt  of  Azoic,  with  the  included  Richmond  belt  of  the 
Mesozoic,  which  contains  on  its  surface  Potsdam  stones  mingled 
with  the  fragments  of  Azoic  rocks,  is  about  twenty-five  miles 
wide  south  of  the  James.  It  narrows  to  ten  or  twelve  miles 
near  the  northern  end  of  the  Petersburg  Belt,  on  the  North  Anna. 
West  of  this  the  Azoic  drift  masses  are  still  found  on  the  sur- 
face, up  to  the  Catoctin  Mountains  but  no  Potsdam  stones.  It 
is  noteworthv  that  this  drift  is  usually  almost  entirely  quartz, 
often  in  blocks  two  and  three  feet  thick,  representing  the  quartz 
of  the  veins  so  common  in  some  of  the  Azoic  strata.  The 
reason  why  we  do  not  find  more  of  the  crystalline  schists  is, 
because  the  deep  decay  which  had  aflfected  these  rocks  at  the 
time  of  their  erosion,  presented  to  the  eroding  agent  only  fria- 
ble grits  and  clays  with  the  quartz  veins  in  them  standing  in 
their  original  position. 

In  the  more  westerly  localities  where  the  Potsdam  is  no  lon- 
ger found  generally  over  the  surface,  I  noticed  that  the  bands 
of  these  Potsdam  stones  along  the  James  do  not  follow  the 
present  windings  of  the  stream  but  pass  directly  across  the 
bends.  They  occur  160  to  200  feet  above  the  riveV,  and  lie  on 
the  general  level  of  the  adjoining  country. 

The  drift  matter  in  the  vicinity  of  the  border  belts,  within 
the  limits  containing  the  Potsdam  stones,  covers  the  surface  of 
the  Azoic  with  a  pretty  continuous  layer.  But  portions  of  it 
seem  to  be  thicker  than  the  general  mass,  corresponding  to 
belts  which  were  more  deeply  scored  by  the  eroding  agent 
These  have  a  direction  a  little  north  of  west  and  south  of  east, 
showing  the  direction  from  which  the  eroding  agent  came. 
Sometimes,  however,  modem  surface  or  stream  erosion  has  so 
arranged  these  drift  matters,  as  to  cause  them  to  appear  to  come 
from  some  other  quarter  than  the  west,  which  is  their  true 
source.  This  has  misled  Mr.  R  P.  Stevens,  who  visited  the 
Richmond  Coal-field  some  years  ago,  and  came  to  the  conclu- 
sion that  the  mode  of  transport  was  the  movement  of  a  glacier 
from  the  northward,  in  the  Glacial  Period.  He  states  his  views 
in  a  letter  published  in  this  Journal,  Nov.,  1878. 
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Professor  Wm.  B.  Sogers,  in  an  artiole  entitled  the  "Gravel 
and  Cobblestone  Deposits  of  Virginia,  and  the  Middle  States," 
published  in  the  Proc.  Boston  Soc.  Nat  Hist,  1875,  gives  some 
account  of  the  drift  matter  seen  at  Richmond,  Alexandria, 
Washington,  etc.  Not  having  traced  this  material  away  from 
the  vicinity  of  the  James  and  Potomac,  and  finding  it  resting 
on  the  Tertiary,  he  was  disposed  to  attribute  its  transport  to 
the  work  of  these  streams  in  the  Glacial  Period,  aided  by  the 
action  of  ice.  While  I  think  that  most  of  this  matter  is  of 
older  date,  yet  I  am  convinced  that  considerable  additions  to 
that  lying  at  the  lower  levels  were  made  in  the  Glacial  Period. 
I  find  drift  matter  on  the  Potomac,  the  James,  and  the  Boanoke, 
which  I  think  was  brought  during  the  Glacial  Period,  but  this 
does  not  rise  more  than  about  sixty  feet  above  the  present  water 
level.  There  is  a  great  deal  of  drift  along  all  these  streams  at 
that  height,  especially  on  the  Boanoke. 

The  last  of  the  surface  deposits  on  the  Azoic  which  are  of 
importance  are  certain  clays  which  are  the  most  widely  diffused 
of  all.  Thus  we  find  them  over  the  surface  of  the  Azoic 
everywhere,  to  the  west  of  the  Petersburg  Belt  as  far  as  the 
Catoctin  and  the  Blue  Bidge.  They  are  not  continuous  but 
rather  form  irregular  sheets.  I  cannot  assert  that  these  clays 
occur  to  the  west  of  the  northern  end  of  the  Fredericksburg 
belt,  or  that  the  Azoic  drift  in  that  quarter  extends  far  west- 
ward of  the  eastern  edge  of  the  Azoic,  as  I  have  not  made  any 
extended  examination  there,  but  so  far  as  I  have  examined,  the 
condition  of  the  surface  is  much  as  it  is  west  of  the  Petersburg 
Belt  These  clays  are  the  only  transported  matter  that  I  ob- 
served in  the  southern  part  of  the  State,  in  Pittsylvania  County. 
Here  they  occur  in  the  same  way  as  in  the  northern  district, 
now  being  described. 

These  clays  are  nearly  always  blood-red  in  color  and  rich  in 
lime.  They  form  a  highly  fertile  subsoil,  no  matter  on  what 
sort  of  rock  they  may  rest  They  lie  on  all  kinds  of  rocks,  and 
are  entirely  independent  of  them.  We  find  them  on  the  gray 
grits  of  the  Mesozoic ;  on  the  granite,  with  its  surface  decom- 
j)osed  to  a  white  kaolinic  grit,  which  shows  the  utmost  possible 
contrast  with  the  clays ;  or  on  mica-schists,  etc.  There  is  no 
rock  east  of  the  Blue  Ridge  rich  enough  in  lime  to  yield  these 
clays,  except  the  epidotic  schists,  and  hornblendic  rocks  which 
abound  so  between  the  Blue  Ridge  and  the  Catoctin,  The  clays 
contain  decomposed  fragments  which  resemble  these  strata,  and 
when  we  can  follow  them,  as  we  do  up  to  these  schists,  we  may 
conclude  without  hesitation  that  such  is  their  origin.  Hence 
they  must  have  been  transported  in  many  cases,  fifty  or  sixty 
miles.  This  however  is  not  strange  when  we  see  that  the  Pots- 
dam and  other  rocks  from  west  of  the  Blue  Ridge,  must  have 
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often  traveled  100  miles  and  more  measured  in  an  airline,  and 
much  farther,  if  the  course  of  the  rivers  crossing  the  Blue  Bidge 
be  followed.  Professor  Bogers  in  the  old  survey  of  the  State, 
noticed  these  clays  and  expressed  the  belief  that  they  must 
have  been  transported  from  the  west 

They  lie^  at  the  same  horizon  occupying  the  highest  levels, 
and  mark  the  plane  to  which  the  country  was  cut  down  at  the 
close  of  the  Jurassic.  We  accordingly  find  them  in  the  hill- 
tops and  over  the  intervals  between  the  rivers.  But  owing  to 
this  high  level,  they  are  often  removed  by  erosion.  These  clays 
are  usually  accompanied  by  the  coarse  drift.  When  this  is 
present  they  either  lie  on  the  drift  or  contain  it  within  their 
deposits.  The  latter  position  of  the  drift  stones  however  is  rare. 
The  clays  pass  up  to  the  edge  of  the  Tertiary  but  not  over  on 
it  They  are  conspicuous  on  the  granite  near  Bichmond,  which 
when  the  clay  covering  is  removed,  presents  rounded  and 
smoothed  surfaces.  These  red  clays  generally  are  covered  by 
a  greater  or  less  depth  of  gray  soil,  usually  not  over  a  few 
feet 

General  remarks  and  Conclusions. — It  is  a  noteworthy  feet 
that  the  belts  of  Mesozoic  which  yield  coal,  contain  it  mainly 
at  their  southern  or  higher  extremities.  This  is  true  of  the 
Bichmond  Belt,  of  the  Prince  Edward  Belt,  and  of  the  Pittsyl- 
vania Belt,  which  terminates  in  the  Dan  Biver  coal  field  in 
North  Carolina.  This  was  perhaps  caused  by  the  fact  that  the 
southern  ends  of  the  Mesozoic  areas,  being  higher,  were  better 
fitted  for  the  formation  of  marshes. 

I  think  that  many  of  the  features  described  in  the  preceding 

Sages  can  best  be  explained  by  supposing  that,  in  Tnassic  and 
urassic  times,  the  Appalachian  Mountain  region  was  receiv- 
ing supplies  of  snow  too  great  to  be  removed  by  melting. 
Consequently  the  excess  must  have  been  discharged  by 
glaciers.  These  must  have  advanced  and  receded  more  than 
once  in  the  earlier  periods,  but  did  not  penetrate  to  the  sea. 
Toward  the  close  of  the  Jurassic  they  advanced  in  such  force 
that  they  reached  the  sea.  In  the  intervening  time,  while  the 
ice  was  gathering  force,  ice  rafts,  charged  with  stones  and  earth, 
floated  down  the  streams  which  issued  from  the  foot  of  the  ice. 
To  the  frequent  pushing  forward,  and  consequent  abrasion  of 
the  matter  accumulated  at  the  foot  of  the  ice,  and  in  the  upper 
course  of  the  rivers,  we  must  attribute  much  of  the  rounded  and 
polished  condition  of  the  Potsdam  stones  now  found  so  far  to 
the  east  of  their  original  position.  This  ice  may  have  made  its 
final  advance  over  the  whole  of  the  portion  of  the  Atlantic 
slope  in  which  the  features  above  described  are  found,  or  it 
may  have  issued  from  the  Blue  Bidge,  mainly  along  the  line 
of  the  Potomac  and  James,  and  then  in  its  farther  advance  to 
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the  east  have  spread  laterally,  so  as  near  the  border  of  the 
Azoic,  to  have  coalesced  into  one  sheet  The  facts  observed 
rather  favor  the  latter  method  of  advanca  From  this  suppo- 
sition it  would  follow  that  the  Mesozoie  areas  were  fed  by  the 
cold  waters  issuing  from  the  ice  and  snow  on  the  mountains. 
This  may  account  for  the  paucity  of  animal  life,  especially 
Molluscan  life,  that  they  show.  The  only  marine  waters  with 
which  they  could  communicate  contained  forms  that  could  not 
live  in  the  cold  inland  waters. 

It  is  probable  that  the  courses  of  the  present  principal 
streams  were  marked  out  by  this  ice  action,  and  hence  come 
their  direct  course  and  independence  of  the  character  of  the 
rocks  over  which  they  flow.  There  is  no  difficulty  in  explain- 
ing the  growth  of  the  plants,  now  found  fossil,  at  a  time  when 
the  Appalachian  Mountain  belt  was  covered  with  snow.  All 
that  was  needed  was  a  raising  of  the  present  winter  tempera- 
ture in  the  lowlands,  for  we  shall  show  that  for  the  formation  of 
glaciers  on  the  heights  the  climate  need  not  have  been  colder 
than  at  present.  Owing  to  the  non-existence  of  the  Rocky 
Mountains,  the  cold  western  and  northwestern  winter  winds  of 
the  present  time  would  not  by  reflection  from  that  chain  then 
reach  the  eastern  slopes.  At  the  same  time  the  greater  exten- 
sion of  the  Gulf  waters  northward  would  cause  southerly  winds 
to  sweep  over  these  slopes.  These  winds  passing  over  the  cold 
waters  of  the  lakes  and  great  rivers  would  form  abundant  fog& 
Thus  a  mild,  equable,  and  moist  climate  would  be  produced  in 
the  lowlands,  even  if  the  earth  had  its  present  amount  of  cold, 
causing  the  growth  of  ferns,  cycads,  etc.,  and  covering  the 
hills  with  the  immense  growth  of  coniferous  trees  which  we 
know  must  have  existed.  This  condition  of  things  would  also 
have  been  eminently  favorable  for  the  production  of  coal.  This 
was  only  brought  to  a  close  in  the  final  advance  of  the  ice  at 
the  end  of  the  Jurassic  Period,  when  all  the  abundant  forms  of 
plants  of  that  period  were  extinguished  to  appear  no  more. 
No  other  cause  seems  adequate  to  explain  the  total  extinction 
of  the  Jurassic  flora,  and  the  complete  change  which  we  find 
in  the  succeeding  Cretaceous  flora. 

But  while  the  plants  were  growing  in  the  lowland  and  around 
the  lakes,  a  very  different  condition  of  things  prevailed  in  the 
high  Appalachians.  The  stratigraphy  of  the  formations  com- 
posing this  belt,  and  the  amount  of  erosion  which,  as  we  know, 
took  place,  make  it  clear  that  in  the  early  Mesozoie  times 
much  of  this  region  must  have  stood  above  the  snow  line,  and 
a  still  larger  portion  near  it.  If  we  recall  the  physical  features 
of  the  North  American  continent  which  existed  at  that  time, 
we  shall  see  that  even  with  our  present  climate  then  prevailing, 
the  conditions  would  have  been  eminently  favorable  for  the 
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formation  of  glaciers.  Along  with  a  suflScient  degree  of 
cold  we  must  have  abundance  of  moisture  to  produce  glaciers. 
•This  would  be  supplied  by  the  western  and  southwestern 
winds.  The  latter  would  sweep  unchecked  from  the  Pacific 
over  vast  bodies  of  warm  waters  in  the  interior,  and  meeting 
the  lofty  mountain  belt  of  the  Appalachians,  would  give 
unlimited  supplies  of  snow.  The  configuration  of  this  ele- 
vated district,  with  its  broad  slopes,  and  long  valleys  inclining 
in  one  direction,  would  be  eminently  favorable  for  the  collec- 
tion of  snow  and  its  discharge  in  the  form  of  glaciers.  Indeed 
this  region  must  at  that  time  have  formed  a  perpetual  storm 
center.  We  are  not  without  evidence,  however,  that  a  period 
of  cold  greater  than  that  now  existing,  prevailed  toward  the 
close  of  the  Jurassic,  and  in  this  we  find  the  explanation  of 
the  advance  of  the  ice  so  far  to  the  east  at  that  tima 

Mr.  Judd.  in  his  excellent  paper  on  the  Secondary  Bocks  of 
Scotland,  published  in  the  Quar.  Jour.  Geol.  Soc,  vol.  xxix, 
gives  a  description  of  certain  very  remarkable  beds  of  stones, 
which  under  the  name  of  the  *'  Brecciated  Beds  of  Ord,"  form 
the  uppermost  beds  of  the  Upper  Oolite  of  the  east  coast  of 
Scotland.  These  beds  are  composed  of  huge  masses  of  stones 
brought  from  a  distance,  and  packed  in  fine  argillaceous  matter. 
The  conditions  are  such  that  it  is  impossible  for  water  alone 
to  have  transported  the  material.  Hence  some  of  the  English 
geologists  attribute  this  formation  to  ice  action.  The  beds  of 
stone  are  interstratified  with  shale  beds,  containing  a  beautiful 
Oolitic  flora.  Many  of  the  features  seen  here 'resemble  those  of 
the  beds  at  Dutch  Gap.  The  question  suggests  itself  whether  at 
the  close  of  the  Jurassic  an  ice  sheet  did  not  cover  the  northern 
part  of  Scotland,  extending  cast  and  west  If  so,  we  may  have 
in  the  melting  of  this  ice,  the  source  of  supply  of  those  waters 
which  formed  the  fresh  water  Weald  en  deposits  of  England 
and  northwestern  Germany.  It  is  well  known  that  it  is  a  puz- 
zle to  determine  whence  the  great  rivers  which  fed  these  lakes 
could  have  derived  their  abundant  waters. 

Another  question  may  be  asked.  Is  it  not  possible  that 
some  of  the  drift  of  our  northern  States,  which  is  attributed 
entirely  to  the  action  of  forces  in  the  Glacial  Period,  may  be 
much  older?  It  is  well  known  that  none  of  the  Mesozoic  areas 
of  the  Atlantic  slope  seem  to  have  had  perfect  communication 
with  the  sea.  May  not  this  be  due,  at  least  in  the  latest 
formed  of  them,  to  the  great  quantity  of  drift  matter  accumu- 
lated seaward,  and  not  in  all  cases  to  an  elevation  of  the  coast? 

The  question  whether  drift  deposits,  similar  to  those  of  Vir- 
ginia, may  or  may  not  be  found  in  the  Stale?  lying  around  the 
southern  prolongation  of  the  Appalachian  belt,  is  worthy  of 
the  attention  of  geologists.  Sir  Charles  Lyell,  in  his  account 
of  his  second  journey  to  the  United  States,  mentions  some 
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significant  features,  which  in  Georgia  and  Alabama,  attracted 
his  attention  on  the  line  of  meeting  of  the  Tertiary  and  Azoic. 
He  mentions  seeing  erratic  masses  of  various  sizes  and  charac- 
ter, which  rest  on  tne  Azoic,  pass  up  to  the  Tertiary,  but  do  not 
pass  over  on  the  latter.  He  noticed  this  drift  as  resembling 
the  northern  Glacial  Drift  K  this  is  of  Upper  Jurassic  age, 
then  it  ought  not  to  pass  over  the  Tertiary  but  under  it.  Again, 
he  mentions  seeing  in  Alabama,  at  the  base  of  the  Cretaceous, 
'*  dense  masses  of  shingle  perfectly  loose  and  unconsolidated, 
derived  from  the  waste  of  Paleozoic  strata,  a  mass  in  no  way 
except  by  its  position,  distinguishable  from  ordinary  alluvium." 
Tuomey  mentions  at  Aiken,  in  South  Carolina,  beds  of 
gravel  and  sand,  without  fossils,  and  Iving  at  or  under  the  base 
of  the  Cretaceous.  Lieutenant  Vogdes  thinks  that  these  may 
be  Wealden. 

Morgantown,  West  Yirginia,  Not.  4,  18*78. 


Akt.  XXIX. — Notice  of  recent  Additions  to  the  Marine  Fauna  of 
the  eastern  coast  of  North  America,  No,  8;  by  A.  E.  Verrill. 
Brief  Contributions  to  Zoology  from  t/ie  Museum  of  Yale  College. 
No.*  XL.* 

Among  the  many  interesting  additions  recently  made  to  the 
American  marine  fauna,  are  two  handsome  undescribed  species 
of  "sea- feat  hers"  (Pennatulaceae)  and  three  fine  new  species 
of  hydroids,  belonging  to  the  family  Plumularidse,  of  which 
only  three  species  have  previously  been  known  to  inhabit  our 
northern  coast  Those  now  adaed  appear  to  belong  to  the 
genus  Cladocarpns,  recently  established  by  AUman,  for  several 
deep-water  forms,  from  the  coasts  of  Europe  and  the  Gulf  of 
Mexico.  Two  very  interesting  Cephalopods  have  also  been 
recentlv  added  to  our  fauna. 

Anthozoa. 

Virgvdaria  graiidiflora^  pp.  nov. 

A  large,  stout  species,  with  very  large  polyps,  which  are  only 
slightly  united,  close  to  their  bases.  Eachis  stout,  ventral 
side  convex,  and  with  a  wide  naked  space;  below  the  polyp- 
iferous  portion  there  is  a  marked  fusiform  swelling,  with  longi- 
tudinal wrinkles;  the  end  is  bulbous  and  perforated;  at  the 
distal  end  the  naked  rachis  extends  about  8"™  beyond  the  last 
polyp-cells,  and  tapers  to  a  blunt  tip.  Axis  rather  stout, 
rounded,  yellowish  white.  The  polyp-cells  are  large,  and 
arranged  in  very  oblique,  rather  irregular  rows,  seldom  con- 
taining more  than  six  or  eight,  and  separate  so  nearly  to  the 

*  Noa.  XXXVII  and  XXX  VIII  were,  by  an  error,  doubly  employed  in  this 
Belies.    This  is,  in  reality,  the  forty-second  article. 
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base  that  they  form  only  very  rudimentary  alae,  while  in  some 
states  of  contraction  they  appear  entirely  disunited.  The  rows 
are  rather  distant  on  the  same  side,  and  on  opposite  sides  alter- 
nate irregularly,  and  the  dorsal  members  of  adjacent  rows 
intermingle  or  overlap,  while  the  polyps  in  the  middle  region 
usually  stand  alternately  farther  forward  and  farther  back  in 
the  same  row,  while  the  most  ventral  one  is  usually  placed 
farther  toward  the  ventral  side  in  each  alternate  row ;  the 
polyp-cells  are  stout,  cylindrical,  soft,  slightly  eight-ribbed, 
considerably  contractile.  Tentacles,  very  long,  tapering  to  a 
long  slender  tip,  with  very  numerous,  slender  lateral  lobes. 
Most  of  the  polyps  are  well  expanded ;  a  very  few  have  the  ten- 
tacles nearly  retracted.  Zooias  are  numerous,  small,  but  very 
distinct,  covering  the  lateral  intervals  between  the  rows  of 
polyps  and  usually  extending  into  the  intervals  between  their 
oases,  while  along  the  ventral  side  the  lateral  patches  are 
usually  connected  by  a  belt  of  zooids  running  outside  of  the 
most  ventral  polyp-cells,  but  those  of  the  latter  that  stand  out 
more  than  usual,  usually  interrupt  these  belts.  No  calcareous 
spicula  were  found  in  the  polyps  or  coenenchyma.  Color  of  the 
rachis  and  polyp-cells  brownish  yellow,  in  alcohol ;  tentacles 
dark  brownish  red. 

Length,  850°*™;  of  naked  peduncle,  60°™;  diameter  of  bulb 
of  latter,  10"";  of  narrow  portion,  5"";  of  rachis,  5  to  8™; 
of  axis,  1*5"";  diameter  of  largest  polyp-cells,  8"";  their 
length,  5"" ;  length  of  tentacles,  6  to  7""  or  more. 

Taken  on  a  trawl  line,  in  220  to  260  fathoms,  lat  42°  46': 
long.  63°  45',  by  the  crew  of  the  schooner  **  Laura  Nelson,"  Capt 
R  N.  Morrison.  This  is  a  very  handsome  and  remarkable 
species,  of  which  only  a  single  specimen  has  been  obtained.  It 
difl'ers  widely  from  the  previously  described  species  of  Virgula- 
ria,  and  approaches  Kolliker^s  genus  Ualipieris,  in  appearance, 
but  differs  in  the  character  of  the  polyp-cells  and  in  the  absence 
of  spicula. 

l^\irticulina  armata^  sp.  nov. 

A  long,  slender  species,  with  large,  rigid,  urceolate,  spicu- 
lose  polyp-cells,  armed  at  the  aperture  with  eight,  sharp,  diver- 
gent spiculose  points.  Axis  and  rachis  quadrangular,  slender, 
the  sides  of  the  axis  concave.  The  polyp-cells  are  entirely 
separate  and  arranged  in  numerous  irregular  transverse  clusters 
of  two  to  four,  smaller  and  larger  intermingled :  they  are  so 
stiffened  by  spicula  as  to  be  scarcely  flexible,  and  retain  well 
their  form :  they  are  elongated,  swelling  out  gradually  from 
near  the  base  and  tapering  again,  above  the  middle,  to  near  the 
summit,  which  suddenly  expands  to  the  edge,  from  whence 
eight,  long,  acute,  rigid,  white  points  diverge;  tentacles  spicu- 
lose, but  wholly  retractile  within  the  cells.     Among  the  ori- 
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dary  cells  are  small  clusters  of  much  smaller  zooids,  which  are 
white,  prominent,  larger  at  summit  than  at  base,  and  possess 
eight  rudimentary  tentacles.  The  polyp-cells  are  filled  with 
long,  slender,  smooth,  triquetral,  or  three-winged,  prismatic 
spicula,  arranged  in  longitudinal  bands  and  irregular  transverse 
clusters,  while  a  convergent  cluster  forms  each  of  the  eight 
points  at  the  summit;  similar,  but  smaller,  spicula  occur  in 
the  main  stem  of  the  tentacles.  The  ova  are  large  and  situa- 
ted both  in  the  polyp-cells  and  in  the  cavity  below  their  bases, 
where  a  considerable  cluster  can  be  seen  when,  as  often  hap- 
pens, the  cells  are  broken  off.  Rachis  yellowish  white  below, 
light  orange-brown  above ;  polyp-cells  darker  brown,  with 
white  spicula;  tentacles  dark  brownish  red. 

Height,  600°^;  diameter  of  rachis  near  base,  1-5™";  in  mid- 
dle, about  l™™to  1*5™";  length  of  larger  polyp-cells,  about 
6"*";  diameter,  1-5  to  1-75°™. 

Taken  on  a  trawl-line  in  800  to  400  fathoms,  about  forty 
miles  southwest  from  the  N.W.  Light  of  Sable  Island,  N.  &, 
by  George  K.  Allen,  schooner  "M.  H.  Perkins." 

PaieUa    borealia  Gray  =  Pennatula  borealis    Bars  =:  Pennatula 
ffrandis  £hr.  (non  Dallas)  =zPCileUa  grandia  Kor.  &  Dan. 

Several  additional  specimens  of  this  species  have  been  re- 
ceived from  off  Nova  Scotia. 

In  the  Fauna  Litt  NorvegisB,  vol.  iii,  p.  82, 1877,  Koren  and 
Danielssen  have  given  an  elaborate  description  of  this  species, 
with  figures.  They  have  shown  good  reasons,  apparently,  for 
adopting  Gray's  genus,  Ptilelia^  for  this  form,  but  ina^smuch  as 
Ehren berg's  name  (P.  grandis)  had  been  preoccupied,  it  ought 
not  to  be  used  for  this  species. 

Cephalopoda. 

JBistioteuthis  CoUinsii^  sp.  no  v. 

A  very  large  and  handsome  species,  with  a  broad  thin  web, 
extending  between  and  nearly  to  the  ends  of  the  six  upper 
arms.  Tentacular  arms  about  two  feet  long  and  slender,  ex- 
panding near  the  end  into  a  broad,  long-oval,  sucker-bearing 
portion  '*  or  club,"  which  is  bordered  by  a  membrane,  widest  on 
the  outer  edge ;  it  ends  in  a  tapering  tip,  on  the  back  of  which 
there  is  a  thin  crest-like  membrane  or  keel,  enlarging  backward 
to  the  end,  where  it  forms  a  rounded  lobe.  The  most  expanded 
portion  of  the  **club"  bears  five  rows  of  suckers,  with  finely 
serrate  rings ;  two  rows  contain  much  the  largest  suckers,  four 
or  five  in  each,  the  more  central  of  the  two  rows  containing 
four  suckers  larger  than  the  rest;  outside  of  these  are  two 
rows  of  medium-sized  suckers,  and  along  the  inner  edge  of 
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the  club  there  is  one  partial  row  of  similar  ones,  while  along 
the  inner  edge  of  the  pix>ximal  portion  of  the  club  there  is  a 
row  of  smooth-edged  suckers,  alternating  with  tubercles  that 
fit  into  corresponding  suckers  on  the  other  arm  ;  a  row  of 
similar  but  smaller  suckers  extends  for  about  six  inches  along 
'the  inner  median  line  of  the  arm,  alternating,  two  by  two,  or 
singly,  with  tubercles,  and  gradually  becommg  more  distant 
The  tip  of  the  arm,  beyond  the  expanded  club,  bears  minute 
serrate  suckers,  at  first  in  six  rows,  decreasing  to  two  at  the 
end.  Sessile  arms  stout,  three-cornered,  tapering  to  slender 
tips,  each  bearing  two  rows  of  globular  suckers,  having  a  small, 
obliaue  opening  and  few  blunt  teeth. 

All  tlie  arras  on  the  left  side  are  an  inch  or  more  longer 
than  the  corresponding  right  ones.  The  dorsal  and  ventral 
arms,  of  the  same  side,  are  about  equal,  and  decidedly  shorter 
than  the  two  lateral  pairs,  which  diner  but  little  in  length.  A 
broad,  thin  web,  about  two-thirds  as  broad  as  the  length  of  the 
arms,  unites  the  upper  three  pairs  together,  and  as  a  narrowing 
border  extends  along  their  sides,  nearly  to  the  tips.  The  lower 
lateral  arms  have  a  thin,  crest-like  membrane  on  their  outer, 
median  surface,  commencing  at  the  basal  fourth  and  extending 
nearly  to  the  tips.  The  ventral  arms  are  united  together,  near 
the  base,  by  a  web,  which  also  unites  to  the  main  web,  in  the 
median  plane.  A  narrow  web,  arising  from  the  outer  angles 
of  the  arms,  also  unites  all  the  arms  together  for  a  short  distance 
above  their  bases.  Eyes  mutilated,  their  lids  form  a  large, 
simple,  rounded  opening.  Beak  with  very  sharp  black  tips;  a 
broad  membrane,  rising  into  six  prominent  angles,  surrounds 
the  mouth.  The  outer  surface  of  the  head  and  arms  is  covered 
with  large,  very  slightly  raised  warts  or  tubercles,  which  are 
dark  blue  with  a  whitish  center;  a  circle  of  them  surrounds 
the  eye  lids.  Color,  between  the  warts,  purplish  brown,  with 
dark  brown  spots,  and  reddish  specks;  web  and  inner  surface 
of  arms  uniform  dark  reddish  brown;  suckers  yellowish  white; 
tentacular  arms  light  orange-brown. 

Tentacular  arms  24  and  25  inches  long;  diameter  at  base, 
•5;  breadth  of  club,  '70,  without  membrane;  its  length,  2*75; 
length  of  the  slender  tip,  1*25  ;  of  dorsal  crest,  1*5;  length  of 
dorsal  arm,  of  left  side,  14  inches  ;  1st  lateral,  17  ;  2d  lateral, 
17*25;  of  dorsal,  14*25;  breadth  of  lateral  arms,  at  base,  "9; 
thickness,  '75;  diameter  of  eye-opening,  "9;  diameter  of  head, 
at  base  of  arms,  8*5. 

Taken  from  the  stomach  of  Alepidosaurus,  lat  42^  49',  long. 
62°  57',  off  Nova  Scotia,  by  the  crew  of  the  schooner  "  Marion," 
Capt.  J.  W.  Collins. 

All  parts  back  of  the  eyes  are  absent,  the  eyes  are  mutilated, 
but  the  specimen  is  otherwise  in  excellent  preservation,  even 
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the  thin  web  and  the  colors  being  uninjured.  With  it  was  the 
terminal  portion  of  an  arm  of  a  gigantic  squid  (ArchiteulJm\ 
too  much  injured  for  specific  determination.  I  have  named 
the  species  in  honor  of  Oapt.  Collins,  to  whom  and  the  crew  of 
his  vessel,  we  are  indebted  for  so  many  interesting  and  novel 
specimens. 

Taoniua  hyperboreus  Steenst.  (?) 

A  large  and  handsome  species  of  this  genus  has  just  been  re- 
ceived, which  may  be  this  species,  though  in  its  proportions 
differing  from  Steenstrup's  measurements.  The  eyes  are  very 
large  and  globular,  in  contact,  beneath  the  head.  The  arms  are 
very  short,  and  part  of  them  have  lost  their  tips  and  afterwards 
healed.  The  tail  is  long,  lanceolate,  tapering  to  a  very  long, 
slender,  acute  tip.  Color  brownish  red,  with  rather  large 
rounded,  dark  brown  spots.  Length  of  head  and  body,  18*5 
inches;  edge  of  mantle  to  tip  of  tail,  12;  tail,  5;  its  breadth, 
1*8 ;  diameter  of  body,  2  25 ;  of  eye,  1 ;  length  of  ventral 
anns,  1*9 ;  of  lower  lateral  arms,  2*25. 

Taken  at  the  surface,  in  the  northern  edge  of  the  Gulf 
Stream,  W.  long.  55°,  by  Mr.  Thomas  Lee,  schooner  *'  Wm.  H. 
Oaks,"  Jan.,  1879. 


Abt.  XXX. — Note  on  Hie  Age  of  the  Laramie  Oroup  or  Rocky 
Mountain  Lignitic  Formation  ;  by  H.  M.  Bannister. 

In  his  recently  issued  report  on  Systematic  Geology,  vol.  i, 
U.  S.  Geological  Exploration  of  the  40th  Parallel,  Mr.  Clarence 
King  discusses  at  length  the  disputed  question  of  the  age  of  the 
Rocky  Mountain  lignite  series,  to  which,  by  agreement  with 
Dr.  Hayden,  he  gives  the  name  of  the  Laramie  group.  In  his 
ailment  for  the  exclusively  Cretaceous  age  of  these  beds,  it 
appears  to  me  that  he  has  generalized  too  freely,  and  I  propose 
to  notice  a  few  omissions  and  points  where  he  seems  to  me  to 
be  in  error. 

We  may  leave  aside  all  the  paleontological  evidence  of  the 
age  of  these  beds,  the  general  Eocene  aspect  of  their  invertebrate 
fauna,  which,  I  believe,  no  one  has  disputed,  the  Tertiary  yac2>5 
of  the  flora,  which,  I  believe,  is  an  issue  between  Professors 
Lesquereux  and  Newberry,  and  the  Cretaceous  Saurians  found 
high  up  in  the  series,  as  all  compatible  with  the  theory  of  its 
transition  character,  and  the  question  of  its  conformability  re- 
mains. Mr.  King  asserts  that  it  is  absolutely  unconformable 
with  the  overlying  Vermilion  Creek  group,  and  that  nowhere, 
save  in  one  locality,  is  there  any  appearance  of  conformability 
between  the  two.     I  should  hesitate  to  disagree  with  him,  were 
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it  not  that  when  examining  this  formation  with  the  late  Mr.  F. 
B.  Meek,  in  the  year  1872,  we  both  thought  we  found  evidences 
of  conformability  between  these  strata  and  the  overlying  Ter- 
tiary in  other  localities  than  Black  Buttes,  the  one  admitted  by 
Mr.  King.  Then,  in  examining  the  reports  of  other  geolo- 
gists who  have  visited  the  region,  1  find  tnat  their  observations 
in  these  localities,  as  far  as  stated,  agreed  with  ours.  Among 
these  I  may  perhaps  include  Mr.  King  himself.  He  says 
(p.  334),  **Good  exposures  of  the  Laramie  group  beds  may  be 
seen  along  the  railroad,  just  east  of  Separation  station,  where 
they  show  the  peculiar  ashen  gray  sandstones,  containing  a 
considerable  development  of  argillaceous  beds,  and  a  great 
number  of  coal  seams,  and  contain  plentiful  plant  remains, 
generally  as  leaf-impressions,  and  frequently  also  as  indistinct 
and  partially  carbonized  stems  in  the  impure  sandstones.  In 
the  ridge  south  of  this  station,  they  dip  at  an  angle  of  10^ 
north,  but  flatten  out  to  the  north,  so  (hat  the  line  between  them 
and  the  overlying  Tertiaries  is  even  more  difficult  to  determine  than 
the  exact  division  between  them  and  the  underlying  Fox  Hills 
group."  (Italics  mine.)  Now,  at  this  locality,  Mr.  Meek  and  I 
examined  a  thickness  (estimated)  of  eighteen  hundred  feet  or 
more  of  conformable  beds,  and  in  the  upper  portion  found 
abundance  of  purely  fresh-water  shells,  and  a  fragment  of 
bone,  apparently  of  a  turtle.  At  the  base  of  this  series  was  a 
heavily  bedded  sandstone,  exactly  similar  to  that  which  forms 
the  only  constant  horizon  at  Black  Buttes,  and  the  overlying 
strata  were  not  dissimilar  to  those  at  the  latter  locality. 

In  the  report  on  Descriptive  Geology  of  the  same  survey, 
Mr.  Emmons,  Mr.  King's  assistant,  when  speaking  of  this  same 
region,  uses  the  following  words  (p.  207,  vol.  ii,  U.S.  GeoL  ExpL 
40Lh  Parallel) :  "  To  the  west  of  Rawling*s  Peak,  as  we  have 
seen,  the  Cretaceous  strata  fall  off  with  an  ever  decreasing  angle 
of  dip,  assuming  to  the  north  of  the  railroad,  between  Separation 
and  Washakie,  an  almost  horizontal  position,  and  are  gradually 
succeeded  by  the  overlying,  and,  in  this  region,  conformable 
beds  of  the  Vermilion  Creek  Tertiary."  This  passage  suffi- 
ciently indicates  that  the  conformability  of  the  strata  is  not 
merely  local ;  and  that  it  is  also  not  local  at  Black  Buttes,  is 
proven  by  the  testimony  of  Professor  Cope,  who  found  it  to 
exist  for  miles  south  of  the  station,  while  our  observations  were 
made  to  the  north.  Thus  we  have  a  conformability,  as  far  as 
observed,  on  both  sides  of  the  Washakie  Tertiary  basin,  accord- 
ing to  the  testimony  of  Mr.  King's  own  survey. 

Passing  to  the  westward,  we  find  Mr.  King  speaking  as  fol- 
lows in  regard  to  the  Evanston  coal-bearing  strata  which,  by 
Mr.  Meek  and  myself,  had  been  regarded  as  of  uncertain  but 
probably  of  Tertiarj'  age.     "  At  Evanston  the  highest  portions 
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of  the  Laramie  Cretaceous  are  not  exposed,  but  the  sandstones 
near  the  summit  of  the  group  contain  the  enormous  workable 
coal-beds  of  the  Rocky  Mountains  and  Wyoming  Coal  Compa- 
niea.  These  coal-bearing  Laramie  beds  dip  at  angles  from  16° 
to  25°,  whereas  the  Vermilion  Creek  Tertiaries  are  nearly 
horizontal  over  them,  and  carry  remains  of  the  genera  Cory- 
phodon  and  Eohipptis  and  fishes."  Mr.  Emmons  says,  speaking 
of  the  same  beds,  that  there  is  no  doubt  but  that  they  belong 
to  the  Cretaceous  and  probably  to  the  Laramie  group,  though, 
from  the  lack  of  paleontological  evidence,  this  reference  is 
simply  conjectural  Now,  so  far  as  I  can  learn,  not  a  single 
salt-  or  brackish-water  fossil  has  been  found  at  this  locality, 
though  land  and  fresh-water  shells  are  abundant  in  strata 
immediately  above  the  coal,  the  flora  is  said  to  be  Tertiary,  and 
in  these  same  dipping  beds — not  in  the  nearly  horizontal  ones 
mentioned  by  Mr.  King — Professor  Cope  found  an  Eocene  ver- 
tebrate fauna,  identifiable  with  that  of  the  lower  Green  River 
epoch  (Vermilion  Creek  Tertiary.)  Moreover,  if  the  coal  is 
near  the  top  of  the  Laramie  series,  which  here,  according  to 
Mr.  King,  dipsunconforraably  under  the  Tertiary,  what  are  we 
to  do  with  over  twenty-four  hundred  feet  of  strata  overlying  it 
conformably  and  of  which  a  section  was  taken  by  Mr.  Meek 
and  myself?  As  a  detailed  section  it  is  of  no  special  value, 
the  strata  vary  sometimes  within  a  very  short  distance,  but  its 
vertical  extent  is  of  interest  in  this  connection.  It  is  highly 
probable  that  it  includes  the  horizon  of  the  limestone  bed  with 
vertebrate  remains  discovered  by  Professor  Cope,  which  was 
possibly  only  local ;  such  beds  sometimes  run  out  in  a  few  rods 
or  yards.  A  comparison  of  the  lower  part  of  the  section  made 
at  Almy,  by  Mr.  Meek  and  myself  (p.  540,  Hayden's  Annual 
Report  for  1872)  and  one  including  the  same  horizons  also  made 
at  Almy,  which  is  given  by  Professor  Lesquereux,  on  page  388 
of  the  same  volume,  will  sufiiciently  illustrate  this  fact.  The 
sandstones,  indeed,  often  suggested  beach  deposits  rather  than 
r^ularly  deposited  strata. 

That  these  Laramie  beds  and  the  overlying  Tertiaries  are 
often  unconformable  may  be  readily  admitted  without  invali- 
dating the  hypothesis  of  their  transition  character.  They 
are  sometimes  unconformable  in  themselves;  an  apparent  non- 
conformity was  noted  just  below  the  horizon  of  Black  Buttes, 
and  another,  many  hundred  feet  lower  down,  has  been  made  the 
dividing  line  between  the  Tertiary  and  Cretaceous  by  Major 
Powell  and  Dr.  White.  The  evidence  appears  to  me  to  indicate 
that  the  Laramie  epoch  was  throughout  one  of  stratigraphic  dis- 
turbance rather  than  that  there  was  only  one  great  orographic 
change  at  its  close,  and  that  the  reasonableness  of  the  opinion 
of  its  transition  character  is  not  yet  altogether  disproved. 
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SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  GelcUinous  Silica  and  on  an  Inorganic  membrane  formed 
of  it, — UixiK  has  experimented  on  gelatinous  silica  and  has  pre- 
pared it  in  such  form  as  to  be  used  m  dialysis.  The  transparent 
jelly  which  is  obtained  when  a  dilute  solution  of  water  glass  is 
poured  into  hydrochloric  acid,  is  well  known.  The  author  has 
succeeded  in  washing  it  absolutely  free  from  sodium  chloride  and 
the  excess  of  acid,  and  in  producing  pure  silicic  acid  as  a  perfectly 
transparent  jelly.  In  the  air  it  dries  to  a  transparent  mass,  aboot 
one-fifth  in  volume,  breaking  into  fragments  resembling  hyalite, 
and  pretty  hard.  Four  decigrams  of  the  dry  mass  gave  when 
evaporated  with  hydrogen  fluoride,  a  residue  of  only  0*0016  gram. 
It  corresponds  nearly  to  the  formula  H,SiO,.  Suddenly  ignited,  it 
gives  a  brilliant  sand ;  but  heated  with  care,  the  temperature  rising 
very  gradually,  up  to  full  ignition,  it  retains  its  form  and  glassy 
transparent  masses  are  obtained.  The  dried  has  a  sp.  gr.  of  1*84 
to  1*907,  resembling  opal;  the  ignited,  of  2-32*2  to  2*324,  which  is 
that  of  tridymite.  The  facility  with  which  the  j^elatinous  silica 
was  washed  led  the  author  to  conclude  that  difmsion  had  taken 
place  through  it  and  hence  that  it  possessed  the  properties  of  a 
membrane.  To  prove  this  definitely,  the  bottom  was  cracked  out 
of  a  precipitating  glass,  the  edges  pressed  down  upon  a  piece  of 
rubber  covered  with  filter  paper,  and  the  mixture  poured  in.  After 
solidification  of  the  silicic  acid,  the  whole  was  immersed  in  water, 
the  filter  paper  removed,  and  the  gelatinous  mass  washed  by  re- 
peated renewal  of  the  water.  In  this  way  a  dialyser  was  made 
whose  mouth  was  closed  completely  by  a  membrane  of  silicic  acid 
three  millimeters  thick.  A  second  one  had  a  membrane  half  a  mil- 
limeter thick,  supported  by  paper.  Experiment  proved  that  no  fil- 
tration took  place  through  these  membranes,  but  that  they  allowed 
diflTusion  to  go  on  readily.  For  example,  50  cm.  of  a  20  per  cent 
sugar  solution  being  placed  in  the  dialyser,  it  being  immersed  in 
water  until  the  level  was  the  same  within  and  without,  there  was 
produced  in  three  days  a  difference  of  level  of  12  mm.  with  the 
thicker,  and  20  mm.  with  the  thinner  membrane;  and  there  had 
passed  out  into  the  water  14  per  cent  of  the  sugar  in  the  former 
case  and  49*5  per  cent  in  the  latter.  A  membrane  made  in  a  fun- 
nel tube,  and  this  filled  with  copper  sulphate  solution  and  placed 
in  water,  showed  after  twenty-four  hours  a  difference  of  level  of 
13  cm.  and  the  water  without  was  distinctly  blue. — Ber,  Berl, 
Chem.  Ges.,  xi,  2124,  Dec.  1878.  G.  p.  a 

2.  On  the  Action  of  Hypo-chloroiLS  oxide  on  Ethylene. — Mul- 
der and  Bremer  have  studied  the  action  of  hypochlorous  oxide 
upon  ethylene.  A  flask  filled  with  fragments  of  pyrolusite  was 
heated  on  the  water-bath,  and  strong  hydrochloric  acid  dropped 
upon  it  through  a  syphon.     The  chlorine  thus  evolved  was  con- 
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ducted  through  three  wide  glass  tubes  each  of  one-half  a  liter  capa- 
city, containing  equal  weights  of  pounded  glass  and  of  mercuric 
oxide,  and  heated  in  a  sandbath  to  about  340®.  The  hypocblo- 
rous  oxide  thus  produced  was  mixed  with  dry  ethylene  gas  in  ex- 
cess and  passed  upward  through  a  vertical  tube  cooled  by  water 
and  protected  from  the  light.  A  liquid  condensed  in  the  tube 
which  afforded  on  fractioning  a  small  quantity  of  ethylene  chloride 
boiling  below  100°,  but  consisted  chiefly  of  a  product  boiling  at 
180*-210°,  and  having  a  vapor  density  of  73*8.  Analysis  gave  its 
empirical  composition  as  O^U,C1,0,.  P'ractionated  in  vacuo,  a 
purer  product  was  obtained.  Heated  with  silver  oxide,  the  fil- 
trate afforded  a  salt  which  proved  to  be  silver  monochloracetate 
CH  CI — COOAg.  Heated  with  water  (in  which  it  is  not  soluble) 
with  an  upVard  condenser,  monochloracetic  acid  was  again  ob- 
tained. After  neutralizing  the  liquid  with  potassium  carbonate, 
ether  extracted  from  the  liquid  raonoohlorhydrin  CH,C1 — CH,OH, 
boiling  at  130°.     Hence  the  action  described  affords  a  body  having 

CO— O— OH, 

the  structural  formula  j  i  .     The  reaction   by   which 

this  monochlorethyl  monochloracetate  is  produced  is 
CH,CH,        CI )  CH  — 0~CH, 

<^H,iiH,  +  CI  f  "^  =  6h,ci      (1:h,ci  "  ^'^  '"'  ^'^^"'  ^^' 

CH— O— CH,        CI )        CO-0— CH, 

I  J     '     +      VO=i  I     '     +(HC1),  as  the  second. 

CH.Cl       CH,C1    CI)        CH,C1      CH,Cr^        '' 

No  products  resulting  from  the  action  of  one  molecule  of  hypo- 

cblorous  oxide  upon  one  of  ethylene  appear  to  be  formed. — Ber, 

JBerl.  Chem,  Ges,^  xi,  1958,  Nov.  1878.  G.  f.  b. 

3.  On  the  Hydrogenation  of  Benzene. — The  tendency  in  some 
quarters  to  consider  benzene  as  a  final  hydrocarbon,  in  consequence 
of  its  being  the  nucleus  of  the  aromatic  senes,  has  led  Berth klot 
to  investigate  the  action  described  several  years  ago  by  him,  by 
which  any  unsaturated  hydrocarbon  may  be  converted  into  a  sat- 
urated one.  The  method  consists  simply  in  treating  the  hydro- 
carbon with  a  saturated  solution  of  hydiiodic  acid  at  a  tempera- 
ture of  275**  to  280°  for  some  time.  In  the  new  experiments,  several 
tubes,  each  containing  20  c.c.  of  saturated  hydriodie  acid  and  0*6  c.c. 
of  benzene,  were  sealed  and  heated  to  270°  for  twenty  hours.  The 
unaltered  benzene  was  removed  by  fuming  nitric  acid,  and  the  re- 
maining hydrocarbon,  about  two  thirds  of  the  whole,  rectified  and 
analyzed.  It  was  a  mixture  of  C^H,^  and  C,H  .  A  second  treat- 
ment with  hydriodie  acid  gave  nearly  pure  C^H„.  A  third  gave 
a  mixture  of  C,H„  and  C^H,^.  And  finally  a  fourth  treatment 
gave  C,H,^  boiling  between  68*5°  and  70**.  This  is  the  final  term 
identical  from  both  the  aromatic  and  the  fatty  series,  the  only 
completely  saturated  hydrocarbon  containing  six  atoms  of  hydro- 
gen.— An7K  Chint,  Phys.^  V,  xv,  150,  Oct.  1878.  g.  f.  b. 

4.  On  the  Action  of  Hypohromous  acid  on  Ethylene  dibromide, 

— ^Dbmols  has  been  led  by  theoretical  views  to  study  the  action 

Aw.  Jour.  Set.— Third  Sbribs,  Vol.  XVII,  No.  99.->March,  1879. 
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of  hypobromouB  acid  on  ethylene  dibromide.  This  latter  body 
treated  with  a  strong  solution  of  the  acid  in  excess  and  agitated 
for  an  hour,  gave  an  oily  liquid  and  a  supernatant  liquid  colored 
by  bromine.  The  latter  on  examination  afforded  bromacetic  acid. 
The  oil  heated  in  a  watch  glass  for  four  or  five  hours,  crystallized 
on  cooling,  the  mass  being  purified  by  crystallization  from  boiling 
alcohol.  It  then  gave  the  formula  C^H,Br  O,  and  this  by  its  reac- 
tions was  proved  to  be  an  acetone,  having  its  oxygen  joined  to  the 
carbon  by  two  bonds.  On  reduction  with  sodium  amalgam,  ethyl- 
methyl-acetone  C^HgO  was  obtained,  which  gave  a  crystalline  com- 
pound with  hydrosodium  sulphite.  Hence  the  first  body  was  hexa- 
Drom-ethyl-metbyl-acetone.  Oxidized  with  fuming  nitric  acid, 
it  yielded  malonic  acid,  easily  determined  from  its  properties  and 
those  of  its  barium  salt.  This  shows  the  structure  of  the  heza- 
brom-ethyl-methyl-acetone  to  be  CBr, — CO — CH,— CBr„  the  ter- 
minal carbon  atoms  having  all  the  bromine. — £tdl,  iSoe.  Ch,,  II, 
XXX,  482,  Dec.  1878.  o.  p.  bl 

5.  Relative  Affinities  of  Oxygen  and  the  Haloid  Elements. — In 
the  October  number  of  the  Annales  de  Chimie  et  de  Physique, 
Bertlielot  has  a  very  interesting  article  on  the  Relative  Affinities 
and  Power  of  Replacement  of  Oxygen  and  the  Haloid  Elements, 
and  shows  that  the  order  of  affinity  and  replacement  can  be  pre- 
dicted from  the  amount  of  heat  evolved  in  the  production  of  the  - 
various  binary  compounds,  of  which  the  metals  and  the  metalloids 
form  with  oxygen  on  the  one  part,  and  with  chlorine,  bromine  or 
iodine  on  the  other.  In  the  case  of  the  metals  the  heat  evolved 
by  union  with  oxygen  is  with  a  few  exceptions  less  than  that 
resulting  from  the  union  of  the  same  metal  with  either  of  the  three 
haloid  elements  mentioned,  and  it  is  shown  that  in  the  same 
measure  oxygen  may  be  replaced  by  the  direct  action  of  these 
elementary  substances  on  the  oxides;  and  further  that,  in  the 
exceptional  cases  presented  by  certain  compounds  of  iodine,  where 
the  thermal  relations  are  reversed,  the  order  of  affinities — as 
shown  by  the  replacing  power — is  reversed  as  well.  Moreover  a 
few  other  apparent  exceptions  to  the  general  rule  are  shown  to 
result  from  the  formation  of  intermediate  products. 

While,  however,  the  heat  evolved  by  the  combination  of  the 
metals  with  oxygen  is  less  than  that  resulting  from  the  formation 
of  the  corresponding  haloid  salts,  these  conditions  are,  as  a  rule, 
reversed  in  the  case  of  the  compounds  of  the  metalloidjs  with  the 
same  elements,  and  so  the  order  of  replacement  is  reversed  as  well 
This  is  shown  to  be  true  in  regard  to  the  compounds  of  phos- 
phorus, arsenic,  silicon  and  boron,  and  moreover  it  is  made 
evident  that  certain  anomalies,  depending  on  the  production  of 
oxichlorides,  are  really  confirmations  of  this  law  of  thermo-chem- 
istry,  which  Berthelot  has  done  so  much  to  establish.  The  paper 
is  one  of  great  interest,  and  contains  besides  the  illustration  of  the 
important  general  principle  we  have  stated,  the  experimental 
evidence  of  a  large  number  of  new  thermo-chemical  data.  Espe- 
cially worthy  of  notice  is  a  new  general  method  of  thermo-chem- 
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ifltry  applied  to  the  determination  of  the  heat  of  combination  of 
bromide  of  aluminum,  that  of  chloride  of  aluminum  being  known. 
Thus  A1,C1,  is  dissolved  in  water  containing  6EBr,  and  on  the 
other  hand  Al,Br  is  dissolved  in  the  same  amount  of  water  con- 
taining 6ECL  The  difference  between  the  quantities  of  heat 
evolved  in  the  two  cases  gives  the  only  element  wanting  for 
calculating  exactly  the  difference  between  the  amounts  of  heat 
evolved  in  the  formation  of  the  two  anhydrous  compounds.  Thus 
We  know  from  previous  investigations  that  «3(K,+Br, 

(ga8)+water)=6KBr+Aq.  yield.. +286-0  units. 

We  find  by  experiment  at  this  time  that  A1,C1,  dis- 
solved in  the  previous  solution  yield ---+  '?®*0     " 

Representing  the  heat  resulting  from  the  union  of  ) 

Ai.+a.=Ai.ci.  by  r 

We  have  for  Al,Cl,+6KBr+ Aq a;+361'0     *' 

So  also  we  know  that  3(K,+Cl,+water)=6KCl-f- 

Aq.  yield ......+302-4     " 

And  we  find  as  before  that  Al,Br,  dissolved  in  this 

product  yields +  86-9     " 

Representing  the  heat-form  Al,+Br,=:Al,Br,  by.-.y 

We  have  for  Al,Br,+6KCl+Aq y-f  889.3     "~ 

Since  the  final  states  of  the  two  resulting  solutions  seem  abso- 
lutely the  same,  it  must  be  that 

a5+361-0=y+389-3 
or  05— y=389-3— 361-0=28"3  units. 

If  then  we  adopt  for  x  (when  Al,+CL=Al,Cl,)+160-9 

We  have  for  y  (when  Al,+Br,=Al,BrJ  +132-6 

J.  p.  c. 

6.  The  Part  of  Acids  in  Etherification, — The  effect  of  the  pres- 
ence, merely,  of  an  inorganic  acid  in  determining  the  etherification 
of  alcohols  by  the  organic  acid  has  long  been  known,  and  the 
theories  advanced  to  explain  this  so-called  "  catalytic "  action 
have  been  numerous.  In  a  paper  following  the  last,  Berthelot 
seeks  to  show  that  these  processes  also  conform  to  the  general 
^  law  of  maximum  works,''  that  is,  are  the  natural  result  of  a 
tendency  to  a  condition,  in  which  the  maximum  amount  of  heat 
is  evolved.  To  this  end  both  the  chemical,  and  the  thermal  con- 
ditions, involved  in  both  the  separate  and  also  the  mutual  action 
of  hydrochloric  and  acetic  acids  on  alcohol  are  fully  discussed, 
and  It  is  shown  that  in  the  last  case  the  formation  of  acetic  ether 
is  attended  with  a  much  greater  evolution  of  heat  than  would  be 
that  of  hydrochloric  ether.  Hence  when  the  two  acids  are  pres- 
ent, the  former  and  not  the  latter  of  these  two  ethers  is  the  chief 
product  of  the  reaction,  and  it  is  shown  that  the  one  condition 
which  chiefly  determines  the  result  is  the  great  amount  of  heat 
evolved  by  the  solution  of  HCl  gas  in  an  excess  of  alcohol.  It  is 
also  shown  that  this  thermal  theory  gives  a  satisfactory  account 
of  the  well  known  conditions  limiting  these  reactions,  and  that  in 
the  action  of  a  mixture  of  strong  nitric  and  sulphuric  acids  on 
hydrocarbon  compounds,  similar  thermal  relations  determine  the 
production  of  nitro-  instead  of  sulpho-denvatives.  j.  p.  c. 
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7.  Preliminary  Note  on  the  Substances  which  produce  the  Chro- 
mospherie  Lines;*  by  J.  Nobman  Looktkb,  F.R.S. — Hitherto, 
when  observations  have  been  made  of  the  lines  visible  in  the  sun's 
chromosphere,  by  means  of  the  method  introduced  by  Janssen  and 
myself  in  1868,  the  idea  has  been  that  we  witness  in  solar  storms 
.the  eieoiion  of  vapors  of  metallic  elements  with  which  we  are 
familiar  from  the  pnotosphere. 

A  preliminary  discussion  of  the  vast  store  of  observations 
recorded  by  the  Italian  astronomers  (chief  among  them  Prof 
Tacchini),  Frof.  Young,  and  myself,  has  shown  me  that  this  view 
is  in  all  probability  unsound.  The  lines  observed  are  in  almost 
all  cases  what  I  have  elsewhere  termed  and  described  as  basic 
lines ;  of  these  I  only  need  for  the  present  refer  to  the  following: 

bi  ascribed  by  Angstrom  and  Kirchhoil  to  iron  and  nickeL 
&4        "        "  Angstrom  to  magnesium  and  iron. 

5268  by  Angstrom  to  oobalt  and  iron. 

5269  "  "    calcium  and  iron. 
5235      "               '*    oobalt  and  iron. 
5017      *'  "    nickeL 

4215      "  "    calcium,  but  to  strontium  by  myselL 

5416  an  unnamed  line. 

Hence,  following  out  the  reasoning  employed  in  my  previous 
paper,  the  bright  lines  in  the  solar  chromosphere  are  chiefly  lines 
due  to  the  not  yet  isolated  bases  of  the  so-called  elements,  and  the 
solar  phenomena  in  their  totality  are  in  all  probability  due  to  dis- 
sociation at  the  photospheric  level,  and  association  at  higher 
levels.  In  this  way  the  vertical  currents  in  the  solar  atmosphere, 
both  ascending  and  descending,  intense  absorption  in  sun-spots, 
^heir  association  with  the  faculae,  and  the  apparently  continuous 
spectrum  of  the  corona  and  its  structure,  find  an  easy  solution. 

We  are  yet  as  far  as  ever  from  a  demonstration  of  the  cause  of 
the  variation  in  the  temperature  of  the  sun ;  but  the  excess  of  so- 
called  calcium  with  minimum  sun-spots,  and  excess  of  so-called 
hydrogen  with  maximum  sun-spots  follow  naturally  from  the 
hypothesis,  and  afford  indications  that  the  temperature  of  the 
hottest  region  in  the  sun  closely  approximates  to  that  of  the  revers- 
ing layer  m  stars  of  the  type  of  8irius  and  a  Lyr». 

If  it  be  conceded  that  the  existence  of  these  lines  in  the  chro- 
mosphere indicates  the  existence  of  basic  molecules  in  the  sun,  it 
follows  that  as  these  lines  are  also  seen  generally  in  the  spectra  of 
two  different  metals  in  the  electric  arc,  we  must  be  dealing  with 
the  bases  in  the  arc  also. 

8.  Upon  the  Nature  of  Spectra  of  Mixed  Gases — Prof.  E. 
Wiedemann  discusses  at  length  the  theories  of  the  action  of 
molecular  forces  in  producing  various  spectra.  Certain  writers, 
among  whom  arc  Stefan  and  Van  de  Waals  have  supposed  the 
existence  of  an  attracting  force  between  the  molecules,  and  also  a 
repulsive  one  arising  from  an  ether  envelope  which  surrounds  the 
molecule.     The  rotation  and  oscillation  of  the  atoms  in  the  mole- 

*  Paper  read  at  the  Royal  Society,  London. 
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ciile,  which  increase  to  the  point  of  breaking  up  the  molecule 
into  its  atoms  and  which  action  increases  with  the  temperature, 
may  produce  periodic  vibrations  in  the  surrounding  light  ether. 
Line  spectra,  on  this  theory,  are  produced  when,  under  the  influ- 
ence of  heat,  the  molecules  are  divided  into  atoms  and  an  oscilla- 
tory vibration  is  set  up.  F.  Lippich  and  PCaundler  have  shown» 
from  a  theoretical  point  of  view  that  the  broadening  of  line 
spectra  may  result  from  the  influence  of  high  temperature  in  pro- 
aucing  a  motion  of  the  molecules  of  a  gas  parti v  toward  and 
partly  away  from  the  observer.  Wiedemann  examines  the  views 
in  regard  to  band  spectra  and  concludes  that  they  cannot  be 
attributed  to  rotation  of  the  molecules ;  and  that  the  differenoe 
between  band  and  line  spectra  is  not  explained  on  the  hypothesis 
of  a  change  of  pressure  of  the  gas  under  consideration.  Wiede- 
mann believes,  after  consideration  of  the  facts,  that  the  difference 
between  emission  and  absorption  spectra  is  to  be  sought  in  the 
change  of  vibration  peculiar  to  each  chemical  combination,  which 
vibration  is  modified  by  surrounding  circumstances ;  and  that  two 
different  substances  can  give  identical  spectra  only  when  the 
forces  acting  between  the  atoms  in  the  molecules  are  identical. 
Prof.  Wiedemann  states  his  intention  to  test  his  theoretical  con- 
clusions by  experiment  and  give  the  results  of  his  preliminary 
investigation  upon  the  spectra  of  mixed  gases.  A  Geissler  tube 
containing  a  small  portion  of  mercury  was  filled  with  hydrogen 
and  the  tube  was  heated  in  an  air  bath  while  the  current  from  an 
induction  apparatus  passed  through  it.  At  ordinary  temperatures 
the  hydrogen  spectrum  was  seen ;  with  an  increase  of  temperature 
appeared  that  of  quicksilver.  With  increasing  temperature  the 
spectrum  of  the  latter  grew  brighter  and  brighter,  while  that  of 
hydrogen  disappeared  in  all  parts  of  the  tube.  In  another  trial, 
sodium  was  enclosed  in  hydrogen  or  nitrogen  vapor.  Here,  also, 
the  spectra  of  the  gases  aisappeared  and  at  a  high  temperature 
only  the  lines  of  sodium  appeared.  The  author  believes  that  the 
disappearance  was  not  due  to  any  new  chemical  combination  into 
which  the  substances  had  entered,  and  discusses  at  some  length 
the  theory  that  the  passage  of  electricity  from  molecule  to  mole- 
cule is  to  a  certain  degree  selective  and  that  it  can  call  forth  cer- 
tain oscillations  or  vibrations  in  certain  molecules  of  one  sub- 
stance while  it  cannot  do  so  in  a  neighboring  substance  which 
forms  a  mixture  with  the  first. — Ajin,  der  Phys,  und  Chent.^  No. 
12,  1878,  p.  500.  J.  T. 

9.  T/ie  Lav)  of  the  Telephone. — M.  Hermann,  in  Archiv  fftr 
Physiologie,  vol,  xvi,pp.  264  and  314,  has  adduced  certain  experi- 
ments to  show  that  M.  Dubois  ReyrnoiuVs  theory  that  the  action 
of  the  telephone  can  be  explained  from  the  general  law  of  induc- 
tion in  which  the  bending  of  the  iron  plate  is  taken  into  account 
and  the  induction  of  the  current  path  upon  itself  is  neglected, 
does  not  explain  the  facts  observed.  Prof.  IT.  F.  Weber  commu- 
nicated to  the  Ztiricher  Naturforschenden  Gesellschuft,  a  paper 
in  which  he  showed  that  Hermann's  experiments  agreed  entirely 
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with  the  theoretical  laws  of  induction,  and  that  M.  da  Bois  Rey- 
mond  was  wrong  in  neglecting  the  induction  of  the  carrent  path 
upon  itself,  which  last  was  really  the  principal  agent  in  producing 
the  agreement  between  theory  and  practice.  Ten  days  later  M. 
Helmholtz  presented  a  paper  to  the  Berlin  Akademie  der  Wissen- 
.  schaften  which  covered  the  same  ground  as  Prol  Weber's  paper. 
The  general  results  of  these  papers  are  as  follows :  (1.)  **  In  the 
telephonic  circuit  the  tone  is  m  general  altered."  (2.)  "The 
phase-displacement  that  occurs  during  the  telphonic  transit  is  not 
a  constant  quantity,  its  amount  changes  with  the  constitution  of 
the  path  of  the  current,  and  depends  on  the  number  of  vibrations." 
(3.)  ^'  In  certain  cases,  however,  the  amplitude  of  the  induced  cur- 
rent becomes  independent  of  the  vibration  number  n  and  thus  the 
tone  of  the  exciting  sound  is  unchanged."  j.  t. 

II.  Geology  and  Natural  History. 

1.  Reports  upon  the  Specimens  obtained  from  borings  made  in 
1874,  between  the  Mississippi  JRiver  and  Lake  BorgnCy  at  the  site 
proposed  for  an  outlet  for  Flood  Waters  ;  bv  Prof.  EuoEifB  W. 
HiLGARD  and  Dr.  F.  V.  Hopkins.  With  a  letter  of  transmittal 
from  Bvt.  Maj.  General  G.  K.  Warren,  Major  of  Engineers, 
President  of  the  Commission.  Washington,  1878. — ^This  memoir, 
of  great  interest  geologically,  is  from  the  Supplement  to  the 
Report  of  the  Commissioner  of  Engineers  of  January  16,  1875, 
on  the  Reclamation  of  the  Alluvial  Basin  of  the  Mississippi. 

Prof.  Hilgard  published,  several  years  since  (Rep.  Chief  of 
Engineers,  U.  S.  A.,  1870),  an  account  of  a  section  146  feet  deep, 
made  in  boring  a  well  at  New  Orleans  in  1856.  In  it,  the  part 
below  a  depth  of  41  feet  (numbered  in  the  present  pamphlet  1  Jo 
4)  was  found  to  contain  marine  shells,  and  to  consist,  below  the 
112  feet  level,  of  a  drab  or  bluish  clay  (numbered  1),  and  (Nos. 
2  to  4)  marine  sandy  beds,  excepting  3  feet  of  clay  (No.  3) ;  then, 
from  21  to  41  feet  in  depth,  a  blue  fluvio-marine  clay,  here  num- 
bered 8 ;  and,  at  top,  2 1  feet  of  fresh- water  bluish  tough  clay, 
here  numbered  11. 

In  the  borings  of  1874  referred  to  in  the  above  title,  the  same 
beds  were  met  with.  No.  1  was  reached  in  four  of  them  at  the 
depth  of  91  to  97  feet,  and  No.  4, below  57  to  72  feet;  both  were 
found  to  contain  numerous  marine  shells,  while  the  thin  clay  bed 
No.  3,  appeared  to  be  a  fluviatile  stratum.  No.  4  has  afforded 
the  shells  Balanvs  eburnevs^  Nassa  acuta^  Afwchis  avara^  Oliva 
mutica^  Utriculua  (Torriatina)  bipUcatus  (Bidlina  canaliculata 
of  Rep.  of  1870),  Pholas  costata,  Pandora  trilineata^  Corbula 
cuneata,  Mactra  lateralis^  Tellina  altemata,  T.  tenera^  T.  tenta^ 
Macoma  fusca,  Chione  cancellata^  Ch.  cribraria^  Dosinia  disctts^ 
Xftfcina  nmltilineata^  Z.  costata^  Area  transversa^  Pecten  dislo- 
catfts,  and  other  species. 

No.  8  was  met  with  in  four  borings  near  Lake  Borgne  between 
the  upper  levels  25  to  26  feet,  and  the  lower  62  to  66  feet,  in 
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three  others,  between  the  levels  22  to  38  and  64  to  73  feet ;  and 
Yarding  much  in  depth  in  others.  This  bed  is  a  bltJte  delta  day^ 
the  deposit  of  a  tide-water  marsh,  containing  no  lar^e  marine 
shells,  bat  an  intermingling  of  marine  and  fresh-water  microscopic 
forms,  the  latter  increasing  in  number  landward.  The  evidence 
shows  that  it  was  traversed  by  streams. 

Above  No.  8,  the  next  marked  beds  are  Nos.  11  and  12,  of 
which  No.  1 1  is  a  cypress-swamp  deposit,  and  12,  a  sea-marsh 
clay,  both  still  in  progress.  Dr.  Hopkins  gives  a  list  of  the 
microscopic  organisms  of  strata  Nos.  8  and  12  with  notes  and 
figures,  and  points  out  the  fact  that  there  is  a  marked  difference 
between  them.  Among  the  species  in  No.  8  there  are  Oram- 
moHomum  Americaniifn^  Lenticulum  discus^  RoscUina  Beccarii^ 
Navicula  Gundleri^  Pinnularia  viridiSy  Eunotia  gibbenday  Cob- 
cinodUcuB radiatxM^  Leptocistinenia  Kinahani  ;  and  in  No.  4,  Ro- 
tcUia  pachypleura^  Planulina  eleganSy  Navictda  fitlvay  N.  viridiSy 
species  of  Rhizosolenia^  Nitzschea,  Globigerina^  etc.  The  two 
have  in  common  Orbtdina  universay  Melosira  distarut^  Cocconema 
lanceokUtitn^  Synedra  acuta.    Prof.  Hilgard  remarks : 

^  Stratum  8  may  be  a  true  delta  deposit  of  the  present  Missis- 
sippi, such  as  it  has  been  since  the  re-elevation  of  the  continent 
which  determined  the  erosion  of  the  present  trough  of  the  river. 
The  fact  that  an  apparently  fluviatile  stratum  (No.  3)  occurs 
lower  down,  may  be  taken  as  an  indication  that  both  Nos.  2  and 
4  faUil  within  the  modem  period  of  delta  formation.  Yet  it  is  not 
to  be  supposed  that  during  the  period  of  depression  some  definite 
channels,  such  as  that  indicated  by  strata  Nos.  2  and  7,  did  not 
exist  here  as  well  as  in  the  region  above,  at  Port  Hudson  (Smith- 
sonian Contr.  No.  248,  p.  5),  and  elsewhere.  But  in  a  *  drowned' 
delta  in  course  of  depression,  such  channels  would,  on  the  whole, 
be  smaller,  shallower,  and  more  shifting  than  during  the  period 
of  elevation,  or  the  quiescent  one  that  now  prevails." 

"On  the  other  hand,  stratum  No.  8  might  be  regarded  as  the 
denuded  remnant  of  a  much  thicker  stratum  deposited  during  the 
period  of  depression,  and  therefore  sensibly  contemporaneous 
with  the  '  Port  Hudson  clay.'  If,  as  seems  probable,  it  extends  to 
seaward  beneath  the  water  of  Lake  Borgne,  it  is  difficult  to  con- 
ceive it  otherwise  than  as  the  continuation  of  the  '  blue-clay 
bottom'  of  Mississippi  Sound,  about  whose  antiquity,  and  con- 
nection with  the  Port  Hudson  beds  proper,  there  can  scarcely  be 
a  question.  But  until  actual  examination  shall  have  deter- 
mined these  points,  and  especially  the  microscopic  similarity  of 
the  *  blue-clay  bottom '  to  stratutn  8,  speculation  as  to  how  the 
latter  came  to  occupy  its  present  position  can  hardly  lead  to  any 
nsefdl  conclusions." 

*'  It  was  not,  of  course,  to  be  expected  that  borings  reaching 
only  to  a  depth  not  greater  than  that  sometimes  attained  by  the 
Mississippi  River  itself,  should  throw  any  direct  light  on  the 
question  of  the  depth  of  the  delta  deposits  in  the  upper  delta 
plain.     Tet,  in  so  far  as  the  results  of  the  present  investigation 
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corroborate  the  steady  and  rapid  increase  of  the  marine  character 
as  we  descend,  as  well  as  an  appreciable  difference  of  the  fanna  from 
that  now  ordinarily  thrown  ashore  on  the  delta  beaches,  they  tend 
to  corroborate  also  my  previous  conclusion  that  the  delta  deposits 
proper,  at  least  at  and  above  New  Orleans,  have  a  comparatiyely 
inconsiderable  thickness ;  and  that  this  anomalous  structure  of 
the  delta  of  the  great  river  is  in  direct  causal  connection  with  the 
equally  anomalous  phenomenon  of  the  mud-lumps." 

The  memoir  contains,  besides  a  map  and  sections,  three  plates 
of  fossils;  two  by  Dr.  Hopkins,  representing  the  microscopic 
organisms  obtained  from  the  various  beds,  the  upper  as  well  as  the 
lower,  and  one  of  larger  fossils  by  Hilgard.  Among  the  latter 
Prof.  Hilgard  names,  as  probably  new  species,  Serpula  feneatnUOj 
Turhonilla  undecifn-sulcata^  Dentodiwn  keve^  I),  sexan^lare^ 
Cardiwn  cBquilatercUe,  and  0.  incBquikUerale, 

2.  The  Question  of  the  Gonidia  of  Lichens.  — The  discussion 
opened  by  the  well-known  Alternative  of  De  Bary  (Morph.  and 
Phys.  d.  Pilze,  etc.,  p.  291),  to  which  Schwendener  gave  such 

Erominence,  and  which  Bomet  has  especially  illustrated,  has  been 
ronght  at  length  to  what  looks  like  a  conclusion  by  the  obser- 
vations of  Dr.  Arthur  Minks,  of  Stettin. 

The  early  dictum  of  Fries,  that,  however  related  the  Lichens 
may  be  to  the  Algae  by  their  vegetation,  they  are  Fungi  as 
regards  their  fruit,  was  brought  to  mind  again,  more  than 
fifly  years  later,  by  the  just  cited  pregnant  remarks  of  Professor 
De  Bary,  on  the  relation  of  the  Nostochaceie  and  Chroococcaces 
to  the  Lichens,  which  he  winds  up  with  the  (freely  rendered) 
following  observation.  It  is  scarcely  then,  he  says,  to  be 
doubted  that  a  large  part  of  these  families  of  Algae  stand 
in  near  genetic  relation  to  the  Jelly-lichens,  Ephebe,  etc.  In 
what  relation,  it  remains  to  ascertain.  Briefly  to  indicate  my 
opinion,  two  suppositions  appear  to  present  themselves :  Either 
the  Lichens  we  have  spoken  of  are  the  perfectly  developed  fructi- 
fying states  of  plants,  the  imperfectly  developed  conditions  of 
which  ranked  heretofore  as  Nostochaceae  and  Chroococcae^se, 
among  the  Algae —or  the  groups  last  named  are  typical  Algas, 
which  assume  the  form  of  Collema,  Ephebe,  etc.,  in  consequence 
of  being  penetrated  by  certain  parasitical  Ascomycetes,  which 
spread  their  mycelial  cells  through,  and  thus  condition  the  grow- 
ing thallns.  (De  Bary,  as  abovej  Now  there  appears  to  be  no 
doubt  that  these  green  cells  of  Lichens  (gonidia)  are  in  exactly 
the  indicated  relation  to  the  similar  cells  of  the  Algaj  named,  or 
that  the  Lichen  fruit  is  equally  in  accord  with  certain  Fungus 
fruits — whatever  explanation  of  either  fact  be  attempted.  And 
Professor  Schwendener  lirst  took  up  the  consideration  of  the  ques- 
tion from  this  definite  ground:  If,  said  he,  at  the  end  of  the  last 
of  his  papers  on  the  anatomy  of  the  thallus,  in  Naegeli's  Beitrage, 
1868,  p.  195,  the  possibility  of  such  a  process  as  is  indicated  in 
the  second  supposition  of  De  Hary,  and  in  certain  cases  even  the 
probability  of  it,  can  no  longer  be  impugned,  the  inquiry  forces 
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itself  upon  us  whether  it  be  not  possible  that  all  Lichens  arise  in 
this  way;  whether  the  gonidia  be  not  always  to  be  reckoned  typi- 
cal AlgsB,  and  the  colorless  thread-cells,  in  like  manner,  Fangus- 
hyphaB.  And,  after  following  the  consideration  of  this  through 
several  pages  he  concludes  with  the  remark  that,  whatever  weigat 
be  conceded  to  what  he  has  advanced,  it  is  impossible  to  deny 
that  the  acceptance  by  way  of  hypothesis  of  such  parasitic  action 
is  authorized  by  what  we  know,  and  that  the  question  deserves, 
therefore,  a  thorough  investigation.  This,  Schwendener  himself 
took  up  the  next  year  (Die  Algen-typen  der  Flechten-Gonidien, 
1869),  and  has  also  published,  besides  shorter  papers  which  I  am 
not  now  able  to  refer  to  their  places  of  publication,  £rorterungen 
der  Gonidien-frage,  1872,  since  which  he  has  not  returned  to  the 
inquiry  in  print.  It  has  been  continued,  however,  with  great 
interest  by  others,  and  if  lichenologists  have  generally  looked 
askance  at  it,  physiologists  have  done  their  best,  we  may  say,  to 
show  it  favor. 

Known  already  among  lichenologists  by  studies  of  the  most 
sincere  and  thorough  kind — of  which  I  will  refer  only  to  his 
Beitrftge  z.  Kenntniss  des  Baues  u.  Lebens  der  Flechten,  pp. 
126,  and  two  plates,  1876 — Dr.  Minks  has  specially  directed  his 
more  recent  efforts  to  the  resolution  of  the  problem  of  Schwen- 
dener. It  had  sometimes  seemed  as  if  the  general,  more  or  less 
harsh  and  subjective  criticism  which  makes  so  large  a  part  of 
even  scientific  controversy  had  been  all  on  one  side  in  this  debate, 
and  the  pure  struggle  for  objective  truth  almost  altogether  on  the 
other;  and  the  interest  of  unprejudiced  observers  could  hardly  fail 
to  attach  itself  to  the  last,  whether  ridiculously  aspersed  as  "  noto- 
rious" or  not.  It  was  yet  evident  in  the  Cultnrveravchen^  as  well 
of  Tulasne  as  of  the  later  experimenters,  especially  Heess  and  Stahl, 
that  elements  of  uncertainty  not  conceivably  to  be  eliminated, 
infected  these  experiments,  and  it  began  to  be  doubtful  whether 
final  results  could  be  looked  for  by  this  or,  indeed,  any  other  tried 
way  of  approach :  or,  whether  the  systematic  exhibition  of  Schwen- 
dener's  nypothesis  by  Sachs  (Lehrbuch,  edit.  3,  1873,  p.  267) 
could  well  expect  any  satisfactory  proof. 

Most  interesting  was  it  therefore  to  every  student  of  the  Lichens 
that  the  keen  observer  to  whom  we  have  referred  should  buckle  to 
the  contest  in  the  most  weighty  dispute  that  ever  arose  in  this 
humble  realm  of  vegetable  nature.  The  long-promised  second  part 
of  Dr.  Minks's  BeitrSge,  with  full  illustrative  plates,  has  not  yet 
however  made  its  appearance  here,  and  we  have  only  nn  abstract 
of  the  treatise,  given  by  the  aulhor  in  the  Kegensburg  Flora,  1878, 
to  refer  to.  This  is,  however,  sufficient  to  indicate  the  importance  of 
the  author's  results.  It  is  with  the  microscopic  history  of  those 
very  minute,  often  green  cells,  which  have  received  the  n:irae  of 
microgonidia,  that  this  paper  is  mainly  occupied.  The  cells  in  ques- 
tion owe  their  name,  as  also  a  recognition  of  their  importance  in  the 
qacBtion,  to  Koerber  (Zur  Abwehr  der  Sch  wendener- Hornet  sch en 
Flechtentheone,  1874),  but  the  whole  remarkable  exhibition   of 
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their  real  character  and  history,  to  the  sufficient  raicro8co]>e,  and 
the  patient  skill  of  Dr.  Minks;  who  has  thus  shown  that  the  licb- 
enologists  are  quite  right,  and  that  the  gonidium  is  plainly  a 
modification  of  the  one  (ideal)  lichen-cell,  in  the  distinction  of 
which  from  the  fungus-cell  it  may  still  be  taken  for  a  criterium. 
The  first  beginning  of  the  microgonidium,  as  observed  in  the 
byphsB,  is  a  pale-greenish,  broken  axial  column,  passing  into  irreg- 
ular strings  of  rounded  masses  of  protoplasm,  which  finally  acquire 
the  cell-wall  and  whole  structure  of  gonidia,  and  escaping  from  the 
mother-cell  are  found  free,  in  every  degree  of  intermediate  form 
between  microgonidium  and  gonidium.  No  distinction  between 
these  two  appears,  except  in  size  or  color;  and  they  charaeterixe 
in  their  earliest  conditions,  we  have  finally  to  say,  every  modifica- 
tion whatever  of  the  lichen-cell,  which  thus  bears  witness  every- 
where (to  the  sufficiently  armed  and  instructed  eye)  to  its  natural 
autonomy. 

Owing  in  part  to  the  peculiar  texture  of  the  lichen  he  had  in 
hand,  Dr.  Minks,  whose  observations  were  made  with  a  power  of 
about  1250  diameters,  laid  much  stress  on  the  preparation  of  his 
material  with  liquor  potasssB  and  sulphuric  acid ;  out  Dr.  Mtlller 
of  Geneva,  who  has  repeated  the  observations  of  Minks,  and  with 
more  powerful  objectives  (Flora,  1878,  n.  31)  finds  that  such 
chemical  preparation  is  by  no  means  always  necessary ;  to  which 
I  can  myself  testify.  Microgonidia  were  seen  by  Mtlller  in  every 
part  of  the  lichen  structure ;  namely,  in  the  fibrils  of  the  under 
side,  in  the  cortical  cells,  in  the  medullaiy  cells,  in  the  paraphyses, 
the  young  thekes,  the  spores,  the  basidia,  and  the  spermatia. 

After  many  unsatisfactory  attempts,  with  dry  objectives,  and 
inferior  powers,  but  with  some  attention  to  chemical  preparation 
of  the  material,  I  have  had  at  last  the  pleasure,  with  an  immersion 
\  of  ToUes,  to  clearly  discern  the  pale-greenish,  broken  column, 
passing  into  rounded,  microgonidium-like  masses,  contained  in, 
and  seen  at  length  to  escape  from,  the  medullary  hyphse  of  the 
Parmelia  of  Wright  Lich.  Cub.  n.  74  (there  called  by  me  P, 
tiliacea^  v.  flavicana^  and  supposed  the  same  with  the  P,  relicina^ 
at  least  of  Montagne)  reaching  this  result  with  a  power  of  only 
some  six  hundred  diameters,  and  without  other  preparation  than 
a  thorough  maceration  of  the  tissue  in  water.  With  a  -jV  ®^ 
Tolles,  a  1-ineh  eye-piece,  and  power  of  about  1,000,  the  whole 
structure  and  especially  the  color  was  better  exhibited ;  as  it  was, 
I  need  not  say,  best  of  all  in  Tolles's  admirable  y'^  and  ^\.  These 
observations  have  all  been  repeated  by  my  friend  Mr.  Stodder, 
with  similar  results,  and  I  owe  entirely  to  him  the  manipulation 
of  the  two  objectives  of  highest  power. 

I  have  only  then  most  heartily  to  commend  to  botanists  intei^ 
ested,  the  forthcoming  treatise  of  Dr.  Minks,  which  may  soon  be 
expected  to  appear.  e.  tuckerman. 

3.  Etudes  Phycologiqnea^  by  M.  Gustave  Thuret  and  Dr. 
Edouaud  Borxet.  Fol.  Paris,  1878. — This  magnificent  work 
surpasses  anything  which   has  ever  been  published  relating  to 
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algse.  It  comprises  fifty-one  folio  engravings  by  Pioart  from 
drawings  of  Bornet  and  Kiocrenx.  Most  of  tbe  plates  were  pre- 
pared nnder  Thuret's  direction  between  the  years  1846  and  1866, 
and  several  appeared  in  a  reduced  form  in  the  Annales  des  Sciences 
of  1851  as  illustrations  of  his  article  '^  Hecherr;hes  sur  les  Zods- 
pores  des  Algues."  It  was  Thuret's  intention  to  publish  an  atlas 
of  fifty  plates,  but,  at  the  time  of  his  premature  death,  ten  of  the 

Slates  had  not  been  engraved.  These  were  finished  under  the 
irection  of  his  friend  and  co-worker,  Dr.  Bornet.  Never  before 
have  the  alg»  been  so  exquisitely  delineated,  whether  microscopi- 
cally or  in  gross.  The  life-size  figure  of  Fucus  platycarpus  is  per- 
fection itseUl  The  text  is  principally  by  Dr.  Bornet,  who  has 
inserted  when  possible  the  notes  and  descriptions  of  Thnret  him- 
self. No  apology,  however,  was  necessary  on  the  part  of  the  for- 
mer; for  not  only  was  he  the  constant  companion  of  Thnret,  but 
his  style  of  writing  very  closely  resembles  that  of  his  lamented 
associate.  The  text  moaestly  purports  to  be  simply  a  description 
of  the  plates.  It  is,  however,  much  more :  it  is  a  very  elaborate 
exposition  of  the  structure  and  reproduction  of  the  different  groups 
of  algSB.  The  principal  part  of  the  observations  on  the  Fuca4ie€Be 
have  already  appeared  in  the  Annales.  The  part  relating  to  the 
ffuBOsporeas  is  very  clearly  presented,  and  is  the  most  complete 
account  of  the  order  yet  published.  The  fertilization  of  Polyidea 
raiufidits  resembles  that  of  Dudresnaya  in  the  growth  of  a  number 
of  filaments  from  the  base  of  the  trichogyne.  The  account  of  the 
reproduction  in  the  CoraUinecB  throws  a  new  light  on  the  struc- 
ture of  that  order;  and  for  the  first  time  a  detailed  account  is 
given  of  the  antheridia  and  cystocorpic  spores.  w.  g.  p. 

4.  Note  on  the  extension  of  the  coiled  arms  in  Rhynchonella  , 
by  Edward  S.  Morse. — Years  ago  VonBuch  recorded  that  Otto 
Frederic  Mllller  had  observed  Rhyjichonella  psittacen  ])rotrude  its 
arms  beyond  the  anterior  borders  of  the  shell.  This  single  obser- 
vation was  not  widely  accepted,  and  many  doubted  the  ])o8sil)ility 
of  the  arms  being  exserted  in  this  manner.  In  the  year  1872,  while 
studying  living  Rhynchonella  in  the  St.  Lawrence,  T  observed  a 
specimen  protrude  its  arms  to  a  distance  of  four  ci'ntimeters  beyond 
tne  anterior  borders  of  the  shell,  a  distance  nearly  equaling  twice 
the  length  of  the  shell.  This  year  I  again  had  an  opportunity  of 
studying  Rhynchonella  in  Hakodate,  Yesso,  and  again  observed 
the  same  features.  Specimens  lying  on  the  bottom  of  a  glass  dish 
protruded  their  arms  a  short  distance  and  remained  in  this  posi- 
tion for  hours.  A  figure  is  here  given  representing 
the  appearance  of  one  of  them.  The  movements  of 
the  arms  were  very  sluggish  though  the  cirri  were 
constantly  in  motion.  Sometimes  the  shells  closed 
upon  the  arms  before  they  were  retracted.  Lingula 
has  the  power  of  partially  protruding  its  arms,  as  I 
have  repeatedly  observed  in  North  Carolina  and 
Japanese  species.  Terebratulina  can  also  partially 
protrude  the  cirri. 

Tokio,  Japan,  November  26,  1878. 
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5.  Fauna  Littorcdis  NorvegioB ;  edited  by  J.  Koren  and  Dr. 
D.  C.  I)aniels8en.  Part  III,  with  16  plates.  Bergen,  1877. — 
This  volume,  which,  as  stated  by  the  editors,  has  been  delayed 
several  years,  contains  mach  that  is  of  importance  in  conneotioD 
with  our  own  marine  fauna,  for  many  of  the  species,  very  fully 
described  and  figured  in  it,  inhabit,  also,  the  coasts  of  New  Ejig* 
land,  although  in  many  instances  their  identity  has  not  yet  been 
pointed  out.     The  text  is  printed  in  both  Danish  and  English,  in 

f>arallel  columns.  The  subjects  treated  are  as  follows :  New  and 
itile  known  Ccelenterates,  by  M.  Sars;  New  Ekihinoderms,  by  M. 
Sars;  Descriptions  of  some  new  Norwegian  Cceleuterates,  by 
Koren  and  Danielssen ;  Contributions  to  the  natural  history  of 
the  Pennatiilidse  living  on  the  Norwegian  Coast;  Descriptions  of 
new  Bryozoa ;  Contributions  to  the  natural  history  of  the  Nor- 
wegian GephyreaB;  a  New  species  of  the  genus  PenneUa  (P. 
balcBnopteroe),  Tlie  last  four  articles  are  by  Koren  and  Danielssen. 
Among  the  Coelenterata  described,  are  species  of  Corymorpha^ 
Myriothelfj^  Physophora^  PheUia^  Zoanthus  and  Alcyonium.  A 
list  of  all  the  Norwegian  Pennatulidse  is  given,  with  descriptions 
of  three  new  genera  and  six  new  species  of  that  groap.  Of  the 
Norwegian  PennatulidsB  at  least  three  species  inhabit  oar  coast,  vix: 
Ptilella  grandis=:Pe7watula  horealis  Sars;  Pennatttla  cunUeata; 
Pavonaria  {=BaUicina)  PiJimarchica.  The  Alcyotiium  fruU- 
cosum  Sars  appears  to  be  identical  with  our  common  A.  cameum 
Agassiz,  of  earlier  date.  The  Corymorpha  glaciaUa  Sars  is 
apparently  the  same  as  G,  pendula  Agassiz,  of  later  date.  Two 
very  diflferent  forms,  figured  as  Myriothela  phrygia^  are  supposed 
to  n'present  different  stages  of  growth.  The  form  with  gono- 
))hore8  borne  on  simple  elongated,  lateral  blastostyles  is  allied  to 
that  recently  described  by  me,  in  this  Journal,  as  BLastotheia 
roaea^  and  may  prove  to  be  generically  identical  with  it.  The 
other  form  has  gonophores  borne  in  groups  directly  upon  the 
hydroid-body.  I  have  dredged  a  similar  form  in  Eastport  harbor. 
Whether  cither  of  these  forms,  is  the  original  Lucernaria  phrygia 
of  Fabricius,*  is  perhaps  doubtful.  The  Zoanthus  N'ttrvegicus 
D.  and  Kor.  is  probably  the  same  as  my  Epizoanthus  Aotericanus 

*  We  have,  on  our  coast,  another  form,  which  agrees  better  than  either  of 
those  here  referred  to,  with  the  Fabrician  description.  A  specimen  dredged  off 
Ha  ifai',  X.  S  ,  in  52  fathoms,  1877,  is  about  three  inches  (75™")  high,  as  preserred 
in  alcohol.  The  tentaculiferous  portion  is  long  and  slender,  densely  covered  with 
slender,  rather  elongated,  capitate  tentacles.  The  gonophores  are  globular,  large, 
(when  mature  2"""  in  diameter)  and  are  borne  in  clusters  of  three  to  ten,  on  Ae 
si(ies  of  lateral  blastostyles.  of  different  lengths,  each  of  which  bears,  at  its  tapering 
end,  a  small  group  of  capitate  tentacles,  unequal  in  size.  These  blastostyles,  wi^ 
their  clusters  of  gonophores,  cover  less  than  ihe  lower  third  of  the  body.  The 
gonophores  near  the  bases  of  the  blastostyles  are  much  smaller,  there  lieing 
usually  only  two  or  three  large  ones.  The  mature  gonophores  contain  embrroe, 
covered  with  tentacles,  like  those  descrilx^d  by  Sars.  (The  embryos  of  Bhstothtia 
rosea  V.  are  of  the  same  kind,  but  smaller).  The  base  gpves  rise  to  a  numerous 
cluster  of  short,  slender  processes,  enlarged  at  the  ends,  with  adhesive  disks  for 
attachment.  I  believe  that  this  is  the  genuine  phrygia  of  Fabricius,  and  that  the 
forms  described  by  Sars  (originally  as  M.  arctica)  will  prove  to  be  distinct,  if  the 
figures  be  correct. 
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(1864).  Of  the  Echinoderms,  Oligotrochus  vitreus  Sars  has  been 
recorded  by  me,  in  this  Journal,  as  from  deep  water,  off  our  coast, 
and  I  have' also  dredged  it  off  Nova  Scotia  (1877). 

The  genus  JETinetoakias  is  established  for  two  very  remarkable 
forms  of  Polyzoa,  both  of  which  have  been  dredged  by  us,  off 
the  New  England  coast.  One  of  these  (J^  8mittii)  is  identical 
with  BugiUaflexiliSy  described  and  figured  by  me  in  this  Journal, 
(vol.  IX,  p.  416,  pi.  vii,  f.  1,  2,  1875)  and  probably,  also,  with  the 
Nareaia  cyathu8^  figured  and  partially  described  by  Thompson  in 
the  Voyage  of  the  Challenger  (vol.  i,  p.  142).  The  specimens 
hitherto  noticed  have  all  been  attached  to  the  summit  of  a  slender 
transparent  stem,  which  is  regarded  both  by  Thompson  and  by 
Koren  and  Danielssen,  as  a  part  of  the  Polyzoan  itself.  The 
numerous  specimens  dredged  by  me  are,  also,  for  the  most  part, 
attached  to  a  stem  of  the  same  sort,  but  varying  much  in  size  and 
condition.  They  occur  chiefly  on  muddy  bottoms,  in  50  to  430 
fathoms,  in  many  localities,  associated  with  Corymorpha  pendiddy 
and  their  ^  stems  "  appear  to  be  identical  with  the  dead  stems  of 
Corymorpha^  and  Ukc  the  latter,  often  have  many  anchoring 
rootlets  arising  from  the  swollen  base.  In  one  instance  a  small 
Sertuictria  had  attached  itself  to  the  same  sort  of  a  stem,  and  the 
Polyozoan  had  afterwards  attached  itself  to,  and  invested,  both 
the  Sertularia  and  the  supposed  Corymorpha-Hiem !  Therefore  I 
am  led  to  conclude  that  the  '^  stem ''  does  not  form  an  integral 
part  of  the  Polyzoan.  Nevertheless  its  structure  is,  in  other  re- 
spects, so  peculiar  as  to  justify  its  separation  from  Bufftda^  as  a 
distinct  genus.  The  second  species  (K,  arborescen8z=,Bugula 
umbeila  Smitt)  was  dredged  by  us  in  1877,  off  Halifax,  N,  S.,  in 
110  fathoms,  sandy  mud.  The  article  on  Gephyrese  is  a  useful 
monograph  of  the  Norwegian  species,  several  of  which  are  also 
found  on  the  New  England  coast.  a.  s.  verrill. 

III.   Astronomy. 

1.  Observatory  on  Mt  Etna,  Letter  to  the  Editors  from  Pro- 
fessor S.  P.  Laxgley,  dated  Casa  del  Bosco,  Mt.  Etna,  January 
14,  1879. — You  may  be  interested  to  learn  that  the  proposed 
Etnean  observatory  will  probably  be  commenced  in  the  present 
year  on  the  site  of  the  "  Casa  Inglese,"  a  hut  used  by  summer 
visitors  to  the  volcano,  and  standing  at  the  foot  of  the  cone,  at 
an  elevation  of  over  9,600  feet.  The  walls  and  piers  will  be  con- 
structed chiefly  of  lava  and  the  building  is  intended  to  include 
the  "Casa  Inglese,"  and  in  addition  three  other  rooms,  one  of 
which,  containing  the  equatorial,  is  to  have  a  conical  rotary  roof 
of  iron;  the  others  are  to  be  used  as  a  kitchen  and  bedroom.  The 
equatorial  is  to  be  of  thirty-five  centimeters  aperture.  It  will  be 
Been  that  the  new  physical  observatory  is  to  be  well  provided 
jnstramentally.  It  will  be  under  the  eminently  competent  charge 
of  Professor  Tacchini  of  Palermo ;  and  it  will  have  a  situation 
unequalled  by  any  site  at  present  so  occupied  in  the  world. 
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Science  is  indebted  for  this  prospective  benefit,  to  Professor 
Tacchini  himself,  who  has  long  urged  upon  his  Government  the 
paramount  importance  of  an  elevated  station  for  the  study  of 
solar  physics,  and  has,  it  may  be  observed,  cited  the  brilliant  re- 
sults obtained  by  our  own  Professor  Young  at  Sherman  as  bis 
most  convincing  proof  of  the  advantage  of  mountain  stations. 
I  write  in  the  hope  that  the  example  thus  set  by  Italy  may  find 
imitators  with  us.  I  have  been  now  for  some  time  at  a  less  high 
but  still  an  elevated  station  here  (Casa  del  Bosco  is  a  hat  ordinarily 
unoccupied,  about  4,500  I'eet  above  the  sea),  engaged  in  observa- 
tions, which  it  may  be  hoped  will  be  of  some  use  m  determining 
what  may  be  expected  in  similar  sites  in  our  own  territory,  their 
aim  being  to  substitute  some  sort  of  quantitative  data,  for  our 
present  conjectural  knowledge,  as  to  the  degree  in  which  the  con- 
ditions of  vision  are  improved  at  higher  stations,  and  to  form 
with  something  of  defimteness  a  standard  of  comparison.  The 
results  (which  will  probably  appear  in  a  report  presented  to  the 
d.  S.  Coast  Survey)  are  not  as  yet  complete ;  but  I  may  say,  in 

Eieral  terms,  that  while  as  regards  ooservations  of  precision 
rhaps  even  as  regards  work  on  double  stars,  and  like  measures), 
^ain  is  less  than  might  have  been  expected,  too  much  can 
hardly  be  said  of  the  immense  advantage  of  an  elevated  station 
for  almost  every  kind  of  research  connected  with  solar  physics 
This  is  specially  the  case  as  regards  the  chromosphere  ;  while,  as 
to  the  corona,  concededly,  our  only  hope  (with  our  present 
means)  of  mateiially  extending  our  knowledge  of  it,  lies  in  the 
prospect  that  we  may  yet  be  able  to  see  it  without  an  eclipse,  if 
the  observer  be  in  an  exceptionally  transparent  atmosphere.  I 
will  add  that,  after  a  recent  expedition  to  Colorado,  and  with  the 
conditions  of  observation  there  and  here  freshly  in  mind,  I  have 
no  hesitation  in  saying  that  our  own  country  has  sites  at  the  least 
equal  to  the  proposed  Etneuu  station  in  every  astronomical 
requisite,  and  fur  easier  of  access.  It  is  most  earnestly  to  be 
hoped  that  something  will  be  done  with  us  in  this  direction  sooriy 
even  if  on  a  very  moderate  scale.  If  we  wait  for  such  a  distant 
event  as  tiie  completion  of  the  Lick  Observatory,  we  shall  find 
the  laurels  gathered  by  European  observers  before  we  are  upon 
the  field. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  Earthquake  of  November  18,  1878. — In  regard  to  this  earth- 
quake (already  noticed,  vol.  xvii,  p.  158,  Feb.,  1879),  a  special  Bul- 
letin from  Prof  Nipher,  Director  of  the  Missouri  Weather  Service, 
dated  January  1,  1879,  gives  the  following  particulars: 

"The  shock  was  felt  over  an  area  of  fully  150,000  square  mile& 
The  region  disturbed  forms  an  ellipse,  the  major  axis  of  which 
extends  from  Leavenworth,  Ks.,  to  Tuscaloosa,  Ala.,  a  distance  of 
over  600  miles.  The  minor  axis  extends  from  near  Clarksville, 
Ark.,  to  a  point  midway  between  Cairo,  111.,  and  St.  Louis,  a  dis- 
tance of  300  miles.  The  southern  boundary  of  this  region  has  not 
been  determined  with  as  great  accuracy  as  is  desired.     The  region 
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'  greatest  disturbanoe  was  along  the  Mississippi,  from  Cairo  to 
emphis.  Here  the  shocks  were  universally  felt.  The  walls  of 
lildmgs  could  be  seen  to  move,  and  strong  frame  build ines 
eaked,  as  when  every  joint  is  strained  by  a  heavy  wind.  At 
ODton,  the  shock  was  also  so  severe  as  to  alarm  some  who  lived 
brick  houses.  Along  the  Missouri,  from  Glasgow  to  Lexington, 
le  shock  was  also  severe,  awakening  many  families  who  thought 
wind  storm  was  in  progress.  It  appears  that  the  shock  was  first 
It  at  Glasgow  1 1^  23"  p.  m.  (St.  Louis  time).  The  shock  traveled 
pidly  down  the  axis  of  the  ellipse,  reaching  Cairo  at  ll**  48™ 
id  Memphis  at  1 1^  50°^.  The  velocity  of  transmission  is  a  matter 
it  under  consideration,  and  will  receive  attention  in  a  future 
illetin.  At  Little  Rock,  Ark.,  the  shock  was  also  felt,  although 
yt  observed  at  Clarksville,  35  miles  farther  up  the  river.'' 
The  bulletin  is  accompanied  by  a  map  of  the  district,  on  which 
id  within  the  ellipse  referred  to  above,  there  are  marked  twenty- 
ree  stations  where  the  shock  was  felt  and  eleven  Missouri  stations 
here  it  was  not  felt.  From  this  map  the  direction  appears  to 
ive  been  N.W.  to  S.E.  instead  of  N.  to  S.  as  stated  in  our 
^vious  notice.  c.  6.  b. 

A  second  Bulletin  in  regard  to  this  earthquake  has  been  issued 
r  Prof.  Nipher.     In  it  he  says : — 

^'  According  to  the  few  determinations  of  time  made,  there  were 
'O  distinct  centers  of  disturbance,  the  shock  beginning  at  the 
le,  near  Glasgow,  Missouri,  at  11^  23°^  p.  m.  ;  at  the  other  near 
idueah,  Kentucky,  at  ll**  34™  p.  m.  ^St.  Louis  time). 
The  following  times  are  deemed  reliable : 


OlMfow  Region. 

Iflgow n^23» 

aven  worth 1 1-34 

rin^ton 11-38 

icon 11-38 


IntenuediKte. 

St,  Louis !1»»57» 

(  11-45 

Ironton <     to 

(  1 1-60 
Lebanon 12-19 

Little  Rock 12-13 


Psdacah  Region. 

Paducah,  Ky 1 1^34" 

Charleston,  Mo... 1 1-45 

Cairo,  IlL 11-48 

M  emphis,  Tenn 1 1-49 


1th  80  few  data,  it  is  only  possible  to  give  approximate  deter- 
inations  of  velocity,  as  the  wave  fronts  can  not  be  determined 
ith  precision.  The  average  velocity  was  probably  less  than  200 
lies  per  hour.  In  some  regions  the  velocity  was  as  low  as  160 
iles  per  hour. 

Direction  of  vibrations:  Paducah,  N.W.-S.E.  (Chandelier), 
iiro,  W.N.W.-E.S.E.,  Charleston,  N.-S.,  Little  Rock,  E.-W., 
lasgow,  N.-S.,  by  some,  N.W.-S.E.  by  others.  At  Ironton  the 
mblin^  sound  accompanying  the  shock,  seemed  to  go  from 
to  N,  A  similar  sound  was  heard  at  Gayoso,  Missouri,  and 
emphis,  Tennessee.  The  shock  seems  to  have  been  more  violent 
the  New  Madrid  region  as  far  south  as  Memphis,  than  in  the 
lasgow  region." 

The  Bulletin  is  accompanied  by  a  map,  showing  the  regions 
fected  as  above,  and  also  the  neighboring  field  of  the  earth- 
lake  of  Nov.  15,  1877.  c.  g.  b. 
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2.  Forachungen  aufdem  Gebiete  der  AgHkuUurphysik,  Herans- 
gegeben  von  Dr.  E.  Wollny,  Professor  der  Landwirthschaft  in 
Mllnchen.  Band  i,  482  pp.,  and  Band  ii,  1  and  2  Hefte.  Heidel- 
berg :  C.  Winter. — This  excellent  journal  of  agricultaral  physics, 
which  has  entered  on  its  second  year,  fills  a  very  necessary  place 
in  scientific  literature.  Some  of  the  more  important  questions  in 
agriculture  are  largely  or  purely  physical,  and  demand  special 
study  as  such.  Their  investigation  will  be  greatly  stimulated 
and  promoted  by  the  existence  of  an  organ  in  which  the  hitherto 
scattered  results  of  research  are  brought  together.  The  seven 
numbers  of  this  journal  before  us  contain  not  only  valuable 
original  papers  on  various  subjects  belonging  to  the  physics  of 
the  soil,  the  plant  and  the  atmosphere,  but  in  the  careful  discns- 
sions  of  older  investigations,  give  instructive  reviews  of  nearly 
all  that  has  been  done  in  several  branches  of  these  subjects. 
The  contributions  of  the  editor,  Dr.  Wollny,  on  the  influence  of 
the  color,  exposure  and  texture  of  the  soil,  on  its  temperature, 
are  models  of  experimental  investigation.  The  original  articles 
are  supplemented  by  abstracts  of  papers  elsewhere  printed,  and 
by  lists  of  publications.  s.  w.  J. 

3.  Tfie  American  Journal  of  Otology :  a  quarterly  Journal  of 
Physiological  Acoustics  and  Aural  Surgery;  edited  by  Clarence 
J.  Blake,  M.D.,  in  conjunction  with  Prof.  A.  M.  Mayer,  Dr.  Albert 
H.  Buck,  Dr.  Samuel  Sexton,  Dr.  C.  H.  Burnett,  Dr.  J.  Ome  Green 
and  Dr.  H.  N.  Spencer.  Vol.  i.  No.  1,  January,  1879.  New 
York  (William  Woo^  &  Co.). — This  new  journal  proposes  to  fill 
a  new  and  hii^hly  important  place  among  American  scientific 
periodicals.  The  first  number  contains  among  others  an  article 
on  the  graphic  and  photographic  illustration  of  Sound-waves,  by 
Dr.  C.  J.  Blake. 

The  following  books  have  been  received  but  cannot  be  noticed 
in  this  number : 

Wanderings  in  South  America,  the  North-west  of  the  United  States  and  the 
Antilles  in  the  years  1812,  1816,  1820  and  1824,  by  Charles  Waterton;  new  edi- 
tion, edited  by  the  Rev.  J.  G.  Wood.    620  pp.  8vo.    London,  1879  (Macniillan  k  Ca) 

Journal  of  a  Tour  in  Morocco  and  the  Great  Atlas,  by  Joseph  Dalton  Hooker 
and  John  Ball ;  with  an  Appendix  by  George  Maw.  499  pp.  8vo.  London,  1878 
(Macmillau  &  Co.) 

The  Study  of  Rocks :  an  elementary  Text-book  of  Petrology,  by  Frank  Butley, 
F.G.S.    319  pp.  12mo.    London,  1879  (Longmans,  Green  k  Co.) 

Ordnance  Notes,  No.  xc.  Measurements  of  Powder  Pressures  in  Cannon  bf 
means  of  the  registered  compression  of  oil :  experiments  by  Dr.  W.  E.  Wood- 
bridge,  at  Washington  Arsenal  in  1854-55.     Washington,  Nov.  20,  1878. 

Revue  de  G^logie  pour  les  Ann^s  1876  et  1877 ;  par  M.  Delesse  etM.de 
Lapperent.     VoL  xv,  229  pp.  8vo.     Paris,  1879. 

Geological  Survey  of  Pennsylvania :  Report  of  Progress  in  the  Juniata  District 
on  the  Fossil  Iron  Ore  beds  of  Middle  Pennsylvania,  by  John  H.  Dewees;  with  a 
Report  of  the  Aughwick  Valley  and  East  Broad  Top  District,  by  C.  A.  Ashbumer. 
305  pp.  8vo.     Harrisburg,  1878. 

Bulletin  of  the  Museum  of  Comparative  Zoology  at  Harvard  Colleire,  Cambridge, 
Mass.  Vol  V,  Noa.  8,  9  and  10.  Reports  on  the  Dredging  OperationB  of  &e 
U.  S.  Coast  Survey  steamer  *'  Blake."  Description  of  Sounding-machinef  water- 
bottle  and  detacher,  by  Lieut. -Commander  C.  D.  Sigsbee,  U.  S.  N. ;  pp.  169-179. 
Echini,  by  A.  Agassiz.  Corals  and  Crinoids,  by  L.  F.  de  Poortal^  Opbiortos, 
by  T.  Lyman;  pp.  181-238.    Hydroida,  by  S.  F.  Clark;  pp.  239-252. 
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Art.  XXXI. — Dr.  Jacob  Bigelow. 

Dr.  Jacx)B  Bigelow  died,  at  his  residence  in  Boston,  on  the 
lOtb  of  January  last,  near  the  close  of  the  ninety-second  year  of 
his  age. 

While  we  would  pay  the  tribute  due  to  his  memory  as  by  far 
the  most  venerable  of  American  botanists,  the  la^t  survivor  of 
a  school  in  this  countrv  which  culminated  half  a  century  ago,  it 
should  also  be  rememoered  that  he  was  even  at  that  time  dis- 
tinguished in  other  scientific  avocations,  and  that  from  middle 
to  old  age  he  was  among  the  most  eminent  of  physicians.  It 
is  not  often  that  we  can  contemplate  a  life  so  long,  so  richly 
various,  and  so  well-rounded  as  his.  He  was  born  in  Sudbury, 
Mass.,  on  the  27th  of  February,  1787 ;  and  his  father  was  the 
minister  of  the  town.  That  almost  goes  without  saying,  most 
of  our  distinguished  professional  men  of  his  and  the  preced- 
ing generations  in  New  England  having  been  the  sons  of  coun- 
try ministers.  He  was  graduated  at  Harvard  College  in  the 
year  1806,  Alexander  H.  Everett  and  the  late  Dr.  J.  G.  Cogswell 
being  among  the  most  notable  of  his  class-mates,  all  of  whom 
he  long  survived.  He  directly  took  up  the  study  of  medicine, 
was  licensed  as  a  practitioner  m  1809,  and  after  attending  one 
course  of  lectures  in  Philadelphia,  took  his  degree  of  M.D.  at 
Harvard  in  the  year  1810,  and  established  himself  in  Boston. 
There  he  was  a  practicing  physician  for  about  sixty  years,  and 
siooe  the  death  of  his  senior,  Dr.  James  Jackson,  probably  the 
most  eminent  one.  What  turned  his  attention  to  botany  we 
know  not  He  early  showed  an  abiding  taste  for  poetrv.  His 
commencemeiit  part  was  a  poem,  and  he  delivered  a  (ft  B,  K. 
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poem  not  long  after.  At  about  the  sjime  time,  however,  he 
gave  a  course  of  popular  botanical  lectures  in  Boston,  in  connec- 
tion with  Professor  Peck,  who  must  have  been  installed  as 
Natural  History  professor  at  Cambridge  while  Dr.  Bigelow  was 
a  medical  student  The  latter  possessed  the  gift  of  exposition 
which  Dr.  Peck  lacked ;  and  it  naturally  came  to  pass  that  Dr. 
Bigelow  repeated  this  course  of  lectures  alone  for  a  year  or  two 
afterward. 

In  the  spring  of  1814  he  brought  out  the  first  edition  of  his 
Florula  Bosloniensis,  the  book  which,  mainly. in  its  second  edi- 
tion, has  been  the  manual  for  New  England  berborization 
down  to  a  recent  day,  or  rather  to  a  day  which  seems  to  as 
recent  The  original  volume,  of  268  octavo  pages,  describes 
the  plants  which  "  have  been  collected  during  the  two  last 
seasons  in  the  vicinity  of  Boston,  within  a  circuit  of  from  five 
to  ten  miles,"  exceeding  those  limits  only  in  the  case  of  Magno- 
lia (from  Manchester)  and  one  or  two  more  remarkable  plants. 
We  know  of  no  other  Flora  of  the  kind  which  was  prepared  so 
quickly  and  so  well.  The  characters  are  short  diagnoses,  and 
in  good  part  compiled.  But  the  descriptive  matter  must  have 
been  original ;  and  it  shows  that  aptitude  for  seizing  the  best 
points  of  character  or  most  available  distinctions,  and  of  indi- 
cating them  in  few  and  clear  words,  which  has  made  this 
manual  so  deservedly  popular.  Similar  merits  distinguish,  on 
its  botanical  side.  Dr.  Bigelow's  American  Medical  Botany,  a 
quarto  work  which  was  published,  in  three  parts  or  volumes, 
between  1817  and  1821,  with  colored  plates — at  that  time 
thought  to  be  very  good  ones  indeed — of  the  principal  medicinal 
plants  of  the  country.  He  also  brought  out  an  American  edi- 
tion of  Sir  James  Edward  Smith's  Introduction  to  Botany; 
and  his  botanical  knowledge,  along  with  that  of  the  materia 
medica  generally  and  his  classical  scholarship,  placed  him  at 
the  head,  or  at  the  laboring  oar,  of  the  committee  which  in  1820 
forrni^l  the  American  Pharmacopoeia.  The  writer  usetl  this 
volume  in  his  medical-student  davs,  and  remembers  dimlv  how 
the  account  of  minor  preparations,  coming  down  to  jams  and 
conserves,  ended  with  the  classical  "Jam  satis  est  mihi." 

The  second  edition  of  the  Florula  Bostoniensis,  published  in 
1824,  while  retaining  its  modest  title,  was  nearly  doubled  in 
size  and  in  the  number  of  plants  contained,  the  whole  area  of 
New  England  being  included;  and  it  became  the  Manual  of 
Botany  for  the  region.  What  a  popular  and  satisfactory  work 
it  was,  especially  to  hundreds  of  amateur  botanists,  some  still 
living  may  testify.  The  third  and  last  edition,  issued  in  1840, 
was  a  reprint,  with  various  additions  and  corrections,  furnished 
mainly  by  those  who  had  learned  their  botany  from  the  preced- 
ing one.     This  is  the  last  Flora  or  Manual  of  this  and  perhaps 
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any  other  country,  arranged  upon  the  Linnsean  arti6cial  system. 
Much  later  in  life  the  author  contemplated  a  revision  of  the 
work,  brought  up  to  the  time,  and  illustrated  by  chromo-litho- 
graphic  plates,  such  as  we  have  lately  seen  turned  to  good 
account  But  after  some  consideration  the  project  was  aban- 
doned. He  did  not  propose  himself  to  undertake  the  editorial 
work :  for  he  had  long  since  passed  from  actual  service  into 
the  emeritus  or  honorary  rank  of  botanists  ;  and  his  active  pro- 
fessional life,  already  verging  to  its  close,  was  diversifiea  or 
relieved  by  othfer  avocations.  Indeed  some  of  these  were 
taken  up  very  early.  Ho  became  Rumford  Professor  of  the 
Applications  at  Cambridge  in  1816,  and  delivered  annual 
courses  of  lectures  until  1827,  when  he  published  the  sub- 
stance of  them  in  a  volume  entitled  Elements  of  Technology, 
here  coining  this  apt  word.  During  all  this  time,  and  much 
longer,  he  was  Professor  of  Materia  Medica  in  the  medical 
school  of  Harvard  University,  namely,  from  1815  to  1855 ; 
for  many  of  these  years  one  of  the  physicians  of  the  Massa- 
chusetts General  Hospital ;  through  all  of  them,  and  until 
old  age  disabled  him,  a  leading  physician  of  Boston.  From 
the  year  1847  to  1863  he  was  President  of  the  American 
Academy  of  Arts  and  Sciences,  of  which  body  he  was  a  mem- 
ber for  sixty -seven  years  I 

We  cannot  here  refer  to  Dr.  Bigelow's  various  professional  and 
literary  writings.  They  are  not  numerous,  but  are  weighty. 
His  treatise  on  "  Nature  in  Disease,^'  which  contains  the  famous 
discourse  **  On  Self-limited  Disease,"  is  the  most  important  of 
them  ;  and  an  address  "  On  the  Limits  of  Education,"  delivered 
in  the  year  1865  before  the  Massachusetts  Institute  of  Tech- 
nology, is  notable.  It  has  been  said  of  the  latter,  that 
never  before  was  the  depreciation  of  classical  study  or  general 
culture,  as  a  preparation  for  technical  scientific  education, 
undertaken  by  so  ripe  a  classical  scholar  or  so  wide-cultured  a 
man.  His  many  essays  in  English  and  Latin  verse,  some  of 
which  have  been  private!}'  printed,  ought  to  be  collected.  Dr. 
Bigelow  lived,  honored  and  trusted,  to  a  good  old  age  before 
infirmities  touched  his  frame,  and  only  toward  the  close  was 
the  brightness  of  his  acute  mind  dimmed.  The  candle  at 
length  burnt  down,  the  flame  flickered  awhile  in  the  socket, 
and  the  light  went  out 

The  name  will  abide  in  botanical  nomenclature.  First  ap- 
peared in  Rees'  Cyclopedia  the  Bigelowia  of  Smith,  founded  on 
the  Adelia  of  Michaux.  But  that  is  Fovtstiera,  Then  Sprengel, 
in  1821,  founded  a  genus  Bigelovia  on  a  Brazilian  plant  which 
he  took  to  be  a  Rhamnacea ;  but  it  is  a  species  of  Casearia, 
Again,  in  1824,  Sprengel  gave  the  name  to  a  part  of  tSpermacoce, 
the  Borreria  of  G.  Meyer.    Then  DeCandolle,  in  1824,  was 
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reposing  a  Bigelowia  on  Solea  concolor,  of  our  own  New  Eng- 
and,  as  tne  Prodromus  records,  wben  he  found  that  he  had  to 
refer  it  to  Noisetiia.  Lastly,  in  1886,  DeCandoIle  bestowed 
the  name  of  Bigelowia  upon  some  golden -flowered  Composite 
of  the  Southern  United  States,  which  had  borne  the  name  of 
an  Old  World  genus,  Chrysocoma  (Anglice,  Golden  tuft),  and 
he  added  the  complimentary  phrase :  "  A  Chrysocoma  sepa- 
ratum dicavi  cl.  J.  Bigelow  qui  florae  Araericanse  auream 
coronam  flora  Bostoniensi  et  medica  addidit"  Although  this 
genus  was  founded  upon  only  two  or  three  species,  it  has  been 
vastly  extended  by  the  exploration  of  the  western  r^ions  of 
our  country,  where  it  forms  a  conspicuous  and  characteristic 
portion  of  the  low  shrubby  vegetation.  More  than  thirty 
North  American  species  of  Bigehvia,  besides  one  of  Mexico 
and  two  of  the  Andes  of  South  America,  now  commemorate 
our  venerable  late  associate.  Most  of  them  were  introduced 
to  the  genus  by  the  present  writer.  A.  G. 


Art.  XXXIL — The  VertAnz  of  Recent  Birds;  by  Professor 

O.  C.  Marsh. 

One  of  the  most  marked  features  in  the  skeleton  of 
modern  birds  is  the  form  of  their  vertebrae.  This  is  so  peculiar 
and  so  constant  that  it  is  considered  by  many  anatomists  to  be 
the  best  distinctive  character  for  the  class.  In  no  other  group 
of  animals  known  is  there  an  approach  to  the  saddle-shaped 
articulation  of  the  centra  seen  in  the  vertebrae  of  birds. 

Not  only  do  the  presacral  vertebrae  of  all  existing  birds 
exhibit  this  structure,  but  the  many  extinct  forms  now  known 
from  the  whole  series  of  Tertiary  deposits  have  the  same 
articulation.  If  we  knew  only  these  fossil  forms,  in  addition 
to  the  existing  species  of  birds,  the  origin  of  this  peculiar 
vertebral  articulation  would  perhaps  remain  a  mystery.  Most 
fortunately,  however,  a  few  Cretaceous  birds  have  been  dis- 
covered which  throw  much  light  on  this  point,  and  virtually 
explain  the  difficulty. 

in  the  toothed  birds  Ichthyomis  and  Hesperomisj  we  have 
two  widely  divergent  forms.  The  latter  was  a  huge  swimming 
bird,  without  wings,  and  with  vertebrae  corresponding  fully  to 
the  modern  ornithic  type.  Ichthyomis^  on  the  other  hand,  was 
a  small  bird,  with  great  powers  of  flight,  and  with  biconcave 
vertebrae,  as  in  Fishes  and  Amphibians,  and  in  a  few  Reptiles. 
The  marked  contrast  between  the  shape  of  the  vertebral 
articulation  in  these  two  genera  is  seen  in  the  figures  below, 
which  show  a  characteristic  cervical   vertebra  in  each  form. 
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In  the  vertebra  of  Ichlhyomie  shown  in  figures  1  and  2,  it  will 
be  seen  that  the  articulation  of  the  centrum  is  cup-Bhaped ; 
while  in  the  corresponding  vertebra  of  Hesperomit^  the  ends  of 
the  centrum  are  saddle-shaped,  as  in  ordinary  birds.  Thus 
the  distinction  between  the  two  types  in  this  part  of  the  skeleton 
is  as  wide  as  between  Ichthyomis  and  any  living  bird. 

To  the  evolutionist,  who  believes  that  birds  are  all  closely 
connected  genetically,  this  difference  in  structure,  at  first  sight, 
offers  a  most  serious  difiiculty  ;  since  hitherto  we  have  had  no 
hint  of  a  transformation  from  the  one  form  to  the  other,  and  no 
explanation  of  the  origin  of  the  modern  vertebne  of  birds. 


IF 


FlGUKX  1. — Twelfth  (T) cerrical  vertebn of  /cUAyomu  dtipar,  Marsh;  (rontTleir; 

tvke  natural  aiza. 
FiaURB  2.^Xhe  same  Tertebra ;  seen  from  the  left  side. 
Frauu  3. — TbirdcerTicalTertebraot  JcAtAyomunctDrjUarah;  front  view;  twice 

natural  ui& 


FioiTBB  4. — Thirteenth  cervical  vertabra  of  Sesptraritit  regalii,  Uarsb ;  front  view ; 

Datural  size. 
FiauBB  6. — The  same  vertebra ;  posterior  view. 

a.  anterior  articulation;   d.   diapophjais;  p.   parapophjsis;  /  lateral 

foramen;    «.  neural  canid;    t.   neural   epiae;   2.  pre-zygapopbysia ;   i'.   poet- 

^gqiophyaig. 

In  the  third  cervical  vertebra  of  Ichihyornis,  however,  we 
catch  nature  in  the  act,  as  it  were,  of  forming  a  new  type;  by 
modifying  one  form  of  vertebra  into  another.  Following  this 
bint,  the  connection  between  these  widely  divergent  types  of 
structure  soon  becomes  apparent ;  and  the  development  of  the 
modern  style  of  avian  vertebra  from  the  fish-like,  biconcave 
form  finds  a  ready  solution.     In  the   anterior  articulation  of 
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this  vertebra  of  Ichthyornis  (figure  3),  the  surface  looks  down- 
ward and  forward,  being  inclined  at  an  angle  of  nearly  60** 
with  the  axis  of  the  centrum.  In  vertical  section,  it  is 
moderately  convex,  while  transversely  it  is  strongly  concave; 
thus  presenting  a  near  approach  to  the  saddle-like  articulation. 
None  of  the  other  known  vertebrae  of  Ichtliyomis  possess  this 
character. 

This  highly  specialized  feature  occurs  at  the  first  bend 
of  the  neck,  and  greatly  facilitates  motion  in  a  vertical  plane. 
If,  now,  we  consider  for  a  moment  that  the  dominant  motion 
in  the  neck  of  a  modem  bird  is  in  a  vertical  plane,  we  see 
at  once  that  anything  that  tends  to  facilitate  this  motion 
would  be  an  advantage,  and  that  the  motion  itself  would  tend 
directly  to  produce  this  modification.  With  biconcave  verte- 
brae, the  flexure  in  any  direction  is  dependent  on  the  elasticity 
of  the  fibrous  tissue  that  connects  them,  as  the  edges  of  the 
cups  do  not  slide  over  each  other.  An  increasing  movement 
in  the  neck  of  Ichthyomis  in  a  vertical  plane  would  tend  to 
deflect  the  upper  and  lower  margins  of  the  circular  cup,  and  to 
produce  a  vertical  constriction,  and  at  the  same  time  to  leave 
the  lateral  margins  projecting;  and  this  is  precisely  what  we 
have  in  the  thiixi  vertebra. 

This  modification  of  the  vertebrae  would  naturally  appear  first 
where  the  neck  had  most  motion,  viz;  in  the  anterior cervicals, 
and  gradually  would  be  extended  down  the  neck ;  and,  on  to 
the  sacrum,  if  the  same  flexure  was  continued. 

Behind  the  axis,  or  where  the  vertical  motion  prevails,  we 
find  in  modern  birds  no  exception  to  the  saddle  articulation  in 
the  whole  cervical  series. 

In  the  dorsal  vertebrae,  this  cause  would  be  less  efiicient, 
since  the  ribs  and  neural  spines  tend  to  restrict  vertical  motion, 
and  hence  to  arrest  this  modification.  This  region,  then,  as 
might  be  expected,  offers  strong  confirmatory  evidence  of  the 
correctness  of  the  above  explanation ;  for  here  occur,  among 
modern  birds,  the  only  true  exceptions  known  in  the  pre- 
sacral series  to  the  characteristic  saddle-shaped  articulation.  In 
Strigops  2iV\A  a  few  other  land  birds ;  in  the  Penguins,  the  Terns, 
and  some  other  aquatic  birds,  one  or  more  vertebrae  in  the  dorsal 
region  are  without  the  saddle-shaped  articulation,  and  are  either 
opisthocoelian,  or  imperfectly  biconcave.  In  such  instances, 
we  can  usually,  if  not  always,  detect  evidence  of  an  arrest  of 
vertical  flexure.  This  may  lock  together  the  posterior  dorsals 
by  their  neural  spines,  as  in  Strigops^  leaving  the  power  of 
lateral  flexure:  or  several  vertebrae  may  be  codssified,  as  in 
Accipiter  and  some  other  Raphres^  in  wliich  a  stifif  back  is  a 
positive  advantage. 


0.  C.  Marsh  —  YerUhm  of  Recent  Birds.  269 

In  the  coossified  sacral  series  of  many  birds,  one  or  more  of 
the  anterior  vertebrae  have  the  saddle-shaped  articulation. 
This,  however,  is  no  valid  objection  to  the  above  explanation, 
since  these  vertebrae  are  really  dorsals,  and  have  evidently 
gradually  coalesced  with  the  true  sacral  vertebrae. 

In  the  caudal  vertebrae  of  recent  birds  we  have,  in  a 
me^isure,  the  original  biconcave  structure  preserved,  for  here 
the  motion  in  every  direction  was  much  restncted.  The  caudal 
vertebrae  of  these  birds,  even  in  the  most  aberrant  forms,  are 
essentially  the  same,  and  in  the  fossil  species  the  articulations 
at  least  appear  to  follow  the  general  rule.  In  Pavo  and  Oeoccocyx^ 
the  caudal  vertebrae  exhibit  a  tendency  to  a  procoelian  union. 
Some  other  forms  also  show  unimportant  modifications  of 
the  normal  type  of  caudal  articulation,  but  nothing  to  suggest 
a  real  objection  to  the  explanation  now  proposed  of  the  origin 
of  the  vertebrae  characteristic  of  Birds. 

In  bringing  together  the  above  facts,  and  others  suggested 
by  them,  the  classification  and  development  of  the  various 
forms  of  vertebrae  appear  to  be  somewhat  as  follows : 

(1.)  Biconcave  vertebroe  (Fishes  and  Amphibians) ;  the  primi- 
tive type;  a  weak  articulation,  admitting  free,  but  limited 
motion.  From  this  form,  have  been  directly  derived  the  other 
varieties,  namely: 

(2.)  Plane  VffrtebrvR  (Mammals) ;  affording  a  stronger  joint, 
with  motion  still  restricted. 

(3.)  Oiip-and'ball  vertebrce  (Reptiles) ;  a  strong  and  flexible 
joint,  well  fitted  for  general  motion,  and  evidently  produced 
by  it.  The  vertebrae  are  procoelian  when  lateral  motion 
is  dominant  (Serpents);  opisthoccelian  with  varied  motion 
(Dinosaur  cervicals). 

(4.)  Saddle  vertebrce  (Birds)  ;  the  highest  type  ;  a  very  strong 
and  free  articulation,  especially  adapted  to  motion  in  a  vertical 
plane,  and  mainly  due  originally  to  its  predominance. 

This  subject  will  be  more  fully  discussed  and  illustrated  by 
the  writer  in  a  future  communication. 

Yale  College,  New  Haven,  Goniu,  Feb.  26th.  1879. 
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Art.  XXXIU.— Notice  of  Oaston  de  Saporta'sWork:  The  Plants 
of  t/ie  World  before  the  Advent  of  Man  ;  by  Leo  Lesquekeujl 

Count  Sapobta's  new  work  entitled  "Le  Monde  des  Plantes 
avant  Tapparition  de  THomme,"  is  one  of  importance,  not  only 
for  phyto-paleontologists  and  geologists,  but  for  all  who  are  in- 
terested in  the  history  of  our  planet,  in  its  physical  laws,  its 
gradual  march  of  development,  and  its  different  phases  until  it 
became  a  fit  habitation  for  the  human  race. 

The  first  part  of  the  book  considers  the  birth  or  origin  of 
life  and  the  successive  and  progressive  changes  which  have 
modified  its  forms.  The  phenomena  relating  to  the  existence 
of  living  creatures  are  examined  in  their  applications  to  oi^n- 
isms  from  the  lowest  to  the  highest  in  degree  of  development 

The  second  chapter  reviews  the  theory  of  evolution.  The 
author  calls  it  transformism.  On  this  subject  he  rightly  re- 
marks, that  the  theory  of  evolution  does  not  date  from  this 
century ;  that  its  origin  and  history  are  already  old ;  that  the 
system  has  been  under  the  critical  examination  of  great  minds, 
who  have  rightly  disparaged  some  of  its  extreme  tendencies. 
I  quote,  in  passing,  some  of  the  statements  of  the  distinguished 
author,  though  they  may  appear  disconnected,  in  order  to  show 
his  mode  of  reasoning  on  tne  subject. 

"Geology  admits  great  divisions  or  distinct  epochs,  and  suc- 
cessive formations,  ^ut  when  it  comes  to  the  determination 
of  the  precise  limits  of  each,  to  the  understanding  of  the  num- 
ber, the  value,  or  the  extent  of  the  stages  or  subdivisions,  the 
difficulties  become  inextricable ;  for  generally  between  two 
epochs,  there  appear  strata  of  mixed  characters  which  forcibly 
excludes  all  idea  of  a  marked  separation  between  them." 

With  reference  to  the  remains  of  plants,  he  says :  ''When 
the  details  of  structure  and  of  geographical  distribution,  which 
are  recognized  in  a  plant  of  our  time,  are  in  exact  analogy  with 
what  is  known  of  one  or  more  fossil  species  of  the  same  genus, 
it  is  legitimate  to  disregard  some  variations  of  detail,  and  to 
consider  the  more  recent  of  the  two  species  as  a  direct  continua- 
tion of  the  other.  To  do  otherwise  would  be  to  put  aside  all 
resources  obtained  from  analogy  and  induction,  or  the  method 
itself.  Now  accepting  these  premises  we  may  say  that  there  is 
no  tree  or  shrub  in  Europe,  in  North  America  and  in  the  Canary 
Islands,  which  is  not  found  fossil  under  a  specific  form  more  or 
less  intimately  allied  to  one  of  our  time.  Nearly  always  a  very 
ancient  type  is  now  represented  in  its  decline,  while  the  more 
re^cent  appearance  of  a  plant  in  geological  time  generally  marks 
its  wider  extension  now." 

In  the  third  chapter  we  have  an  exposition  of  the  ancient 
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climates,  and  not  merely  that  exposition  which  is  indicated  by 
paleontology,  but  an  examination  of  the  causes  which  have 
produced  similarity  of  temperature  over  the  whole  globe  dur- 
ing the  first  geological  penods,  and  of  those  under  the  influ- 
ence of  which  the  zones  of  temperature  became  more  and  more 
distinct  and  narrowed.  The  discussion  turns  upon  the  value 
of  the  theories  offered  on  the  subject;  the  comparatively 
^reat  density  of  the  atmosphere  overcharged  with  vapors,  thus 
increasing  its  capacity  for  absorbing  and  preserving  neat;  the 
displacement  of  the  axis  of  the  planet ;  the  internal  heat  of 
the  globe,  etc.  All  these  hypothetical  causes  are  recognized 
bv  the  author  as  insufficient  to  account  for  the  phenomenon. 
He  closes  the  discussion  in  admitting  as  more  probable  the 
hypothesis  of  Blandet,  supported  by  d^Archiac,  based  upon  the 
aebular  theory  of  Laplace,  which  refers  the  early  temperature 
bo  the  still  excessive  heat  of  the  sun  derived  from  the  condens- 
ing nebula.  After  speaking  of  the  sun  as  derived  fn)m  the 
[condensing  nebula,  he  says :  "  This  hypothesis  may  be  far 
from  giving  a  solution  of  all  the  facts ;  but  it  agrees  well  with 
the  phenomena  of  the  primitive  world,  and  gives  us  such  a  clear 
reason  for  its  climatic  laws,  the  half  veiled  days  of  the  Coal 
period  with  its  transparent  nights,  the  tepid  temperature  of  the 
polar  regions,  the  onginal  extent  of  the  torrid  zones  and  their 
gradual  subsequent  contraction  to  the  present  limits,  that  one 
MTould  be  tempted  to  admit  it,  though  still  repeating  in  a  whis- 
per :  Could  this  be  the  only  cause  of  such  a  complex  concur- 
rence of  phenomena  ?"* 

The  sentence  here  quoted  closes  the  first  part  of  the  book ; 
erhich  is  an  introduction,  preparing  the  way  for  the  exposition 
A  the  character  of  what  the  author  calls  the  vegetable  periods 
rf  the  primitive  and  secondary  epochs. 

In  treating  the  subject,  Saporta  adopts  the  natural  plan  of 
considering  the  plants,  so  far  as  they  are  known  by  their  re- 
mains, in  their  order  of  occurrence  from  the  oldest  formation  to 
the  more  recent  The  work  follows  without  interruption  the 
noarch  of  the  vegetation,  from  its  origin,  so  far  as  it  has  been 
observed,  to  the  end  of  the  Pliocene,  and  therefore  offers  multi- 
plied points  of  comparison  for  ascertaining  the  progress  of  devel- 
3pment  of  the  vegetable  types,  the  modification  of  their  char- 
icters,  the  introduction  or  first  appearance  of  new  types,  the 
destruction  or  disappearance  of  old  ones,  etc. 

For  Primordial,  Paleozoic  and  Mesozoic  times,  the  examina- 
tion is  limited  to  what  is  generally  known.f     The  Primordial 

*8ee  on  this  subject  an  article  of  J.  S.  Grardner,  in  Nature,  Dec.  12,  1878. 

f  Saporta  divides  the  whole  fossil  vepretable  world  in  four  great  epochs,  the 
lame  as  those  recognized  by  Geology.  1.  Primordial  or  Protozoic  (Laurentian, 
!]Sambrian,  Silurian) ;  2.  Paleozoic  (Devonian,  Carboniferous,  Permian) ;  3.  Meso- 
soic  (TriasBic,  Jurassic,  Cretaceous),  and  4.  Neozoic  for  the  Tertiary. 
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plants  are  merely  Fucoids.  The  Silurian  are  marine  species, 
especially.  The  author  records  as  terrestrial  plants  those 
which  have  been  described  from  the  Cincinnati  group.  Their 
nature  as  representatives  of  a  land  vegetation  is  confirmed  by 
the  recent  aiscovery  of  a  splendid  fern,  Eopteris  Aloriem 
Sap.,  near  the  base  of  the  Middle  Silurian  of  France  (the 
schists  of  Angiers,  zone  of  the  Calymene  Tristani),  This  fine 
fern  is  placed  as  the  frontispiece  of  the  book — its  right  place 
indeed,  for  the  fern,  a  pinna  with  large  leaflets  and  perfectly 
distinct  venation,  resembles  the  Neuropterids  of  the  Coal.  It 
plainly  proves  that  the  land  vegetation  of  the  Middle  Silurian, 
mcluding  already  plants  of  so  advanced  types,  must  have  been 
varied  in  its  characters.  Therefore,  according  to  the  law  of 
evolution,  it  is  evidence  that  a  still  more  ancient  land  flora  ex- 
isted, probably  contemporaneous  with  the  first  apparition  of  the 
vegetable  marine  forms. 

The  Devonian  is  mostly  illustrated  by  species  from  Canada, 
some  of  which  are  figured,  from  Dawson,  in  Dana  s  Manual  of 
Geology. 

The  Carboniferous  has  its  illustrations  from  European  plants, 
common  types,  also  prevalent  in  the  American  Coal  Measures. 

The  Permian  flora  is  considered  by  Saporta  as  a  mere  con- 
tinuation of  that  of  the  Carboniferous,  the  period  being  one  of 
transition,  as  lie  says;  though  strictly,  on  the  theory  of  trans- 
formism,  all  the  periods  are  necassary  periods  of  transition.  The 
Permian  has  few  distinct  characters  in  its  vegetation,  some 
Conifers  only,  Walchia^  JJlmannia^  Gingkophyllum.  This  last 
type  is  already  represented  in  the  Permo-carboniferous  of  North 
America  by  Saportea,  a  sub-genus  recently  established  by 
Fontaine  and  White,  for  the  description  of  leaves  very  simi- 
lar to  those  of  the  present  Gingko  of  Japan. 

Ill  the  Mesozoic  (Mesophytic  for  the  plants),  the  Trias  has 
few  typical  forms,  and  these  are  merely  Ferns  and  Conifers, 
whose  generic  relation,  for  this  last  group  of  plants  at  least,  is 
with  the  Permian  through  Vohzia  and  Albeitia.  The  Jurassic, 
per  contra,  whose  flora  is  known  to  the  author  by  extended  re- 
searches, is  illustrated  in  the  work  by  numerous  wood-cuts 
representing  species  published  by  himself,  Heer,  Brongniart 
and  others,  all  from  European  specimens.  The  Jurassic  floras 
of  Spiizbergen  and  Siberia  by  Heer  have  afforded  an  im|>ortaut 
contribution.  No  species  are  mentioned  from  this  country, 
where  the  Jurassic  is  not  yet  satisfactorily  known  by  its  plants. 
In  this  flora  the  Cycade(p.,  Protophyllum,  Zamites and  PtofozamiifS, 
are  predominant,  along  with  Ferns  and  Conifers  of  the  Gingko 
type,  Baina  and  Salishnria, 

For  the  Cretaceous  the  more  important  documents  are  taken 
from  North  America  and  Greenland.     Europe  has  few  Cretace- 
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ous  deposits  containing  plants.  In  strata  of  a  lower  stage,  near 
Beausset,  France,  remains  of  a  species  of  fern  and  of  an  Arau' 
carta  have  been  found,  with  a  fragment  of  dicotyledonous  leaf 
referi'ed  by  Saporta  to  Magnolia,  The  Bohemian  Ceno- 
manian  has  leaves  of  Aralia,  Hymenoea  and  Hedera,  of  types  re- 
cognized, by  analogy  of  characters,  in  the  flora  of  the  Dakota 
group.  From  the  Senonian  of  the  Hartz  are  quoted  Abietites, 
Dryophyllum^  Crednera^  the  last  two  also  typically  represented 
in  the  Dakota  group,  which,  considered  by  Saporta  as  referable 
to  the  Cenomanian,  has  five  of  its  species  represented  as  charac- 
teristic of  the  period  in  the  wood-cuts  of  the  work. 

In  closing  the  general  consideration  of  the  characters  of  the 
floras  of  the  three  preceding  vegetable  periods,  the  author  re- 
marks that  the  second  or  upper  half  of  the  Cretaceous  may  be 
viewed  as  marking  by  the  appeanmce  of  dicotyledons  the 
point  of  departure  of  the  vegetation  proper  and  peculiar  to 
our  zone,  while  the  Coal  penod  is  that  of  the  whole  vege- 
table kingdom.  "From  the  Cenomanian  begins  an  evolution 
from  which  the  new  tribes  progress  by  multiplication  and  vari- 
ation in  a  constantly  increasing  proportion." 

I  shall  now  consider  in  more  detail  some  of  the  points  estab- 
lished in  the  examination  of  the  Tertiary  flora,  tne  more  im- 
portant and  original  part  of  the  book.  For  I  find  here  a 
favorable  occasion  for  comparing  the  essential  characters  of 
certain  Tertiary  groups  of  this  continent,  in  order  to  determine 
thereby  some  points  still  in  discussion  as  xxy  their  age. 

Count  Saporta  divides  the  Tertiary  into  five  vegetable 
periods :  Paleocene,  Eocene,  Oligocene,  Miocene  and  Pliocene. 
ThePaleocene,  which  corresponds  to  the  Suessonian  of  Orbigny, 
is  separated  from  the  more  recent  Cretaceous  strata,  the  Maes- 
tricht  chalk,  by  a  gap  whose  width  and  duration  are  difficult  to 
ascertain.  This  period  is  not  yet  well  known,  since  the  strata 
containing  the  vegetable  remains  of  plants  have  been  observed 
at  few  localities.  To  the  Paleocene  are  referred  the  clay  beds 
of  Gelinden  in  Belgium,  the  tufaceous  deposits  of  Sezanne  in 
France,  and  the  Suessonian  sandstone  {Grks  Soissonnais).  The 
flora  of  Gelinden  is  especially  composed  of  species  of  QuercittecBj 
l^jurmece.  Viburnum,  Htdera  (one  species),  some  AraliacecB, 
Menispermece,  Celaslrin&e,  Myrtciceoe,  etc.,  with  some  ferns,  an 
Osmunda  especially.  Sezanne  has  a  rich  vegetation  of  large 
JuglandecB,  Tdiacea*,  with  species  of  Magnolia,  Alnus,  ISahx, 
Virbumum,  Cornus,  also  some  ArtocarpecB,  Alehacece,  Pi^os- 
permecBj  Ficus,  Symplocos  and  a  Hedera  (a  species  of  ivy  scarcely 
distinct  from  the  living  Irish  variety),  and  a  grape.  From  the 
upper  Paleocene  strata  have  been  obtained  some  Myricacece 
and  Araucarice,  a  Bambusa,  and  Palms  with  flabellate  fronds. 

In  the  examination  of  the  remains  of  plants  obtained  from 
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the  lower  Lignitic  strata  of  the  Western  territories,  the  essential 
characters  of  a  number  of  species  have  been  recognized  as 
intimately  related  to,  even  identical  with,  those  of  some  species 
of  the  flora  of  Sezanne,  and  from  this  referred  to  the  Eocena 
Count  Saporta  considers  this  question,  on  p.  221  of  his  book,  as 
follows:  **The  Ligoitic  flora  of  a  vast  Tertiary  formation  of 
North  America,  rich  in  combustible  minei'al,  which  occupies 
an  immense  area  in  the  new  Territories  in  the  West,  Colorado, 
Utah,  Wyoming,  etc.,  is  not  yet  suflSciently  known.  From  the 
materials  collected  under  the  direction  of  the  Geological  Sur- 
veys of  the  United  States,  the  plants  appear  referable  to  three 
different  groups  of  the  Tertiary,  the  lowest  evidently  corres- 
ponding to  our  Eocene.  The  relation  of  this  group  with  the 
Paleocene  of  Europe  is  evident,  notwithstanding  the  great  geo- 
graphical distance  of  the  localities.  This  relation  is  manif^ted 
by  the  close  affinity  of  some  of  the  species  of  ferns  with  those 
oi  Gelinden  and  Sezanne,  by  the  presence  of  Palms  of  similar 
characters  in  both  countries,  with  Artocarpece  and  Morea  which 
recall  the  Protojicus  and  Artocarpoides  of  Sezanne;  species  of 
Oinnamomum  in  the  Lower  Lignitic  which  have  the  facies  of 
those  of  Gelinden.  A  Viburnum^  V.  marginatum^  of  Black  Bat- 
tes,  is  scarcely  distinguishable  from  the  recently  discovered  K 
vitifolium  of  Gelinden.  It  is  the  same  with  some  other  species; 
and  these  affinities  are  so  near  and  so  striking,  that  they  force 
the  idea  of  a  connecting  link  not  merely  between  the  floras  bat 
between  the  regions,  at  the  time  when  they  had  respectively 
the  vegetation  of  which  we  now  study  the  remains." 

Considering  merely  the  affinities  mentioned  above  by  the 
celebrated  author,  it  would  seem  that  the  Lower  Lignitic  flora  of 
this  continent  should  be  separated  from  the  Eocene,  and  referred 
to  the  new  subdivision  establislied  by  him,  the  Paleocene. 
The  flora  of  the  Lower  Lignitic,  however,  is  distributed  through 
a  great  thickness  of  the  formations,  and  shows  points  of  difier- 
ence  which  should  not  be  overlooked  in  comparing  typical 
affinities,  especially  when  the  points  of  comparison  are  taken 
from  two  far  distant  countries  on  two  different  continents;  and 
still  more  when  the  comparison  relates  to  single  groups  of 
fossil  plants,  or  vegetable  remains  obtained  from  a  limited  area, 
like  that  covered  by  the  deposits  of  tufa  at  Sezanne.  The 
lowest  strata  of  the  Lignitic  at  Point  of  Rocks  has  indeed  a 
Viburnum  intimately  related,  as  remarked  above  by  the  author, 
to  a  species  of  the  Paleocene  of  Gelinden.  But  it  has  also  an 
Ottelia  (tropical  type),  which  is  closely  allied  to  another  species 
of  this  genus,  0.  Pan'siensis,  of  the  Eocene  of  Paris  (Troca- 
dero).  '^I'his  local  formation  corresponds  by  its  fruits,  NipadiUs^ 
to  that  of  the  Sheppey  beds  of  the  Eocene  of  England.  Along 
with  Sequoia  longifolia^  which,  according  to  Saporta,  recalls  a 
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Jretaceous  type,  the  flora  of  Point  of  Bocks  has  also  Sequoia  brev- 
folia  Heer,  represented  there  by  the  larjgest  proportion  of  the 
pecimens.  The  same  species  is  present  in  the  Miocene  flora  of 
Jreenland  (Atanekerdluk)  and  also  in  that  of  the  Baltic*  And 
till,  in  this  small  group  of  plants  of  Point  of  Bocks,  twenty- 
even,  reduced  to  twenty  species  in  eliminating  those  described 
rom  too  poor  specimens  (as  Populus  melanaria),  or  those  with- 
mt  marked  geological  affinity,  we  have  Ficus  asari/olia  and 
Ftcu-n  Dalmatica,  as  positively  identified  so  far  as  identity  may  be 
iscertained  from  fossil  leaves,  with  two  species  of  dEttingshau- 
tna.  the  first  from  Bilin,  the  second  from  Mount  Promina,  two 
ocalities  now  referred  to  the  Oligocene  {Tongnan) ;  Ficus 
Uiorfolia^  a  Miocene  type,  easily  recognized,  and  found  in  the 
lora  of  the  whole  thickness  of  the  Western  Tertiary  strata, 
jven  in  the  Pliocene  of  California ;  a  Diospyros;  a  fine  Laurus; 
I  Sahal  and  a  Fucus,  all  of  recent  types.  A  Salvinia  also  should 
>e  mentioned,  as  all  the  species  of  this  genus  have  as  yet  been 
•eferred  to  the  Miocene. 

Yet  it  is  not  merely  from  the  identification  of  a  few  plants 
hat  a  relation  between  the  floras  of  two  epochs  should  be 
ixed  or  admitted,  but  from  the  general  characters  of  the  vege- 
ation  representing  the  climate,  and  from  the  general  facies 
"csulting  from  the  progress  of  the  vegetatfon,  in  passing  from 
ypes  admittedly  inferior  to  others  of  a  more  advanced  degree 
)f  perfection  becomitig  more  predominant.  Considered  in 
his  way,  the  vegetation  of  the  Lignitic,  taken  as  a  whole, 
ndicates  the  action  of  a  climate  of  an  average  temperature  far 
ibove  that  of  the  Cretaceous  Dakota  Group,  and  still  higher 
han  that  of  the  Paleocene,  where  the  Oaks  predominate  and 
here  are  scarcely  any  Palms.  The  prodigious  abundance  of 
"emains  of  Palms  at  Golden,  at  the  Baton  especially,  is  exactly 
5om parable  to  that  of  the  sandstone  of  La  Rarthe  (Upper  Eo- 
cene), which,  says  Saporta,  recall,  by  the  beauty  and  the  large 
lize  of  their  fronds,  the  Sabals  of  Cuba  and  Florida.  If  we 
»nnot  refer  the  whole  Lignitic  flora  to  that  upper  stage  of  the 
Bocene,  if  we  find  in  it  some  typical  affinities  with  the  Paleocene, 
ihis  results  from  the  great  thickness  of  the  formation,  which,  in 
ts  four  thousand  feet  of  strata,  may  represent  groups  of  floras 
"elated  to  two  or  more  of  the  geological  divisions  established 
jom  separate  groups  of  plants,  like  those  which  in  Europe  are 
•eferrea  to  the  Paleocene  and  the  Eocene.  This  idea  seems  con- 
irmed  when  we  compare  the  diverse  elements  or  groups  of 
)lants  examined  until  now  from  the  Lignitic.  For  if  the  Black 
Sutte  and  Point  of  Bocks  deposits  are  allied  by  the  remains  of 
Vtbumum  and  Ficus  of  various  species,  those  of  Colorado  and 

^  This  Greenland  flora,  in  the  opinion  of  Saporta,  Gardner,  and  other  European 
lUtborB.  ia  doselj  related  to  the  iiJocene  flora  of  £urope. 
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New  Mexico  near  Trioidad  are  still  more  intimately  related  by 
a  preponderance  of  Palms,  of  Ferns  of  true  Eocene  character, 
as  recognized  by  Saporta  and  Gardner  in  the  identification  of 
Eocene  species  of  England  with  some  of  those  described  from 
Golden;  and  also  by  the  presence,  at  both  localities,  of  Sequoia 
and  Atnetites^  of  Cretaceous  affinity,  and  of  large-leaved  Mag- 
nolids  and  the  Rhamnece  closely  allied  to  those  of  Sezanne. 

The  Eocene  period,  as  described  in  Saporta's  work,  has,  at  its 
base,  deposits  of  the  coarse  limestone  of  l^aris  {Cuicatre  gramer) 
from  which  have  been  obtained  the  large  fruits  referred  to  the 

5enus  Nipa  (Nipadites),  an  Indian  type  intermediate  between 
^audanece  and  the  Palms,  now  inhabiting  the  fiats  along  the 
borders  of  the  Ganges.  The  same  fruits,  first  found  at  Sbep- 
pey,  have  been  discovered  also  at  Paris  in  the  same  formation 
with  the  species  of  Otlelia  mentioned  above,  along  with  a  few 
leaves  of  small  Palms,  of  Nertum,  Myrica  and  Zizyphus. 

Saporta  has  made  long  and  systematic  researches  on  the  flora 
of  the  gypsum  deposits  of  Aix,  which  are  considered  as  refer- 
able, in  their  lower  part  at  least,  to  the  Eocene.  His  cele- 
brated work  (Les  Etudes),  on  the  vegetation  of  the  Tertiary 
in  the  southwest  of  France,  especially  considers  the  fossil 
remains  of  that  formation.  They  were  discovered,  in  a  very 
good  state  of  preservation,  along  the  borders  of  what  was  once 
an  Eocene  lake,  whose  duration  was  continued  through  the 
Oligocene  to  the  lower  Miocene,  or  Aquitanian.  The  general 
characters  of  this  formation  are  remarkably  similar  to  those  of 
the  Green  River  group  of  the  Western  Territories,  and  in  the 
comparison  of  the  flora  also  there  are  indeed  some  remarkable 
points  of  concordance.  It  is  worth  while  to  present  in  full  and 
for  future  comparison  the  description  given  by  Saporta  of  this 
group.  He  says:  "This  lake  or  its  deposits  were  for  a  long 
time  subjected  to  various  changes  by  natural  phenomena. 
Thermal  springs,  sometimes  sulphurous,  sometimes  impreg- 
nated with  carbonate  of  lime,  affording  emanations  of  mephitic 
gas,  then  later,  volcanic  eruptions,  followed  by  flows  of  basalt, 
attest  the  subterranean  action  which  extended  even  to  the 
water,  and  brought,  at  different  times,  trouble  and  death  to  the 
inhabitants  of  the  lake.  Whole  shoals  of  fishes  were  sur- 
prised and  buried  in  the  muddy  clay  of  the  bottom,  a  deposit 
which  has  faithfully  preserved  their  remains.  They  are  refera- 
ble to  many  genera,  one  of  which,  Lehias^  still  inhabits  fresh 
water  in  Sardinia  and  Northern  Africa.  Even  insects  were 
killed  in  immense  numbers;  small  and  scarcely  perceptible 
flies,  mosquitoes,  butterflies,  libellules,  winged  ants,  bees,  gave 
there  to  tne  winds  their  delicate  remains,  to  be  strewn  along 
the  shores  and  buried  in  the  deposit  that  was  soon  to  be  hard- 
ened, some  of  the  specimens  still  preserving  traces  of  their  col- 
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During  all  this  time  the  flowing  water,  springs  and  rivu- 
J,  uniting  their  action  to  that  of  the  wind  and  rain,  carried  to 
:  bottom  of  the  lake  fragments  of  plants  of  various  kinds, 
•ecially  leaves,  branches,  flowers  and  fruits,  indeed  all  the 
*ts  naturally  torn  from  the  trees  and  the  shrubs  growing  in 
!  neighborhood  along  the  shora" 

?or  those  who  have  seen  specimens  of  shale  of  the  deposits 
Florissant  in  Colorado,  thin  laminae  covered  with  small  frag- 
nts  of  plants  (their  branches,  leaves,  seeds,  flowers,  even  or- 
is of  reproduction,  pistils  and  stamens),  along 'with  remains 
fishes  and  insects  in  immense  number,  even  small  feathers, 
t  above  description  will  seem  as  if  dictated  by  an  examina- 
1  of  the  deposits  of  that  locality.  It  applies  equally  well  to 
►se  of  the  Green  River  station,  Elko,  the  mouth  of  White 
rer,  etc.  It  is  right  to  remark,  however,  before  looking  to 
;  relation  in  the  characters  of  the  plants,  that  the  natural 
^nomena  which  have  caused  the  deposits  of  those  remains, 
re  nothing  abnormal,  are  not  due  to  some  cataclysm,  but 
the  result  of  natural  atmospheric  circumstances.  The 
lies  in  all  the  localities  named  above  are  in  repeated  lay- 

of  two  to  five  millimeters  in  thickness,  mostly  composed 
fine  sandy  materials,  the  thickest  layers  of  the  same  na- 
e,  but  somewhat  coarse,  all  covered  upon  the  upper  surface 
h  the  various  remains  mixed  together.  The  thin  layers,  in 
eated  superposition,  represent  therefore  annual  deposits  of 
terials,  mud  deposits,  laid  down  in  the  spring  or  in  the  rainy 
son,  hardened  in  summer,  and  covered  during  the  process  of 
Lsolidation  by  insects,  by  small  floating  fragments  of  plants, 
,  mixed  with  the  mud  and  thrown  up  by  their  buoyancy  to 

surface.  The  composition  indicates  a  process  of  consolida- 
1  under  the  influence  of  heat  or  summer.  Besides  the  pro- 
ious  quantity  of  insects,  the  plants,  mostly  Conifers,  are 
nchlets  often  deprived  of  their  leaves,  like  those  which, 
ing  to  the  ground  during  the  winter  time,  are  carried  away 
water  in  the  spring.  A  large  proportion  of  the  cones  are 
AlnuSj  and  it  is  well  known  that  these  cones  are  persistent 
>n  the  shrubs  until  the  end  of  the  spring.  The  leaves  of 
ae  species  are  extremely  numerous,  none  of  them  crumpled, 
led  or  rolled,  as  if  driven  by  currents,  but  flat,  as  if  they  had 
jn  imbedded  in  the  muddy  surface  of  the  bottom  when  falling 
m  the  trees  or  shrubs  along  the  border  of  a  lake.  Id  the 
I  beds  of  Green  River,  as  they  are  called,  the  same  phe- 
nenon  is  observed.  One  of  the  richest  deposits,  eight  to  ten 
t  thick,  is  formed  of  alternate  sandy  layers  three  to  five  mil- 
eters  thick,  and  it  is  between  the  layers  that  the  fishes  are 
nd  petrified  sometimes  in  prodigious  numbers.  This  evi- 
itly  shows  that  under   the   influence  of  summer  heat,  by 
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evaporation  and  gradual  drainage,  the  area  of  the  lakes  or 
swamps  being  gradually  diminished  by  shrinkage,  the  fishes 
were  driven  into  deeper  places,  where  finally  enclosed  they 
perished  in  masses.  Their  remains  were  later  covered  by 
the  muddy  water  of  the  next  overflow  in  the  rainy  season.  In 
that  immense  formation  of  the  Green  River  group,  no  trace  of 
eflects  of  volcanic  agency  is  seen.  It  has  been  through  its 
whole  thickness  a  senes  of  quiet,  lacustrine  deposits  of  calcare- 
ous clays,  during  an  incalculable  period  of  tima  At  Green 
River  station,  for  example,  from  the  bottom  of  the  river  to  the 
top  of  the  highest  red  buttes,  about  six  hundred  feet  in  thickness, 
the  whole  series  is  a  succession  of  those  laminated  shales,  vary- 
ing only  in  their  constituent  beds,  there  being  white  calcareous 
clay,  greenish,  sandy,  red  ferruginous  clay,  in  an  uninterrupted 
succession  of  thin  layers. 

Considering  the  data  furnished  by  the  plants  in  reference  to 
the  synchronism  of  the  Green  River  formation,  it  is  only  re- 
cently, or  since  the  publication  of  the  Tertiary  flora,  that  we 
have  obtained  documents  numerous  and  valuable  enough  for  a 
future  comparison.  The  collections  made  in  the  Green  River 
group  in  1847  and  1848,  by  the  corps  of  the  United  States  Geo- 
logical Survey,  and  recently  by  the  explorations  under  the  direc- 
tion of  Princeton  College,  amount  for  specimens  bearing  remains 
of  plants  to  at  least  ten  thousand,  mostly  from  Florissant 
Tbese  plants  have  not  yet  been  determined ;  part  of  them,  those 
of  the  United  States  Survey  only,  have  been  superficially 
examined  and  separated  in  groups  for  definitive  study.  Of  the 
whole  number  of  plant  remains,  nearly  one-half  are  leaves  of 
Plantra,  apparently  referable  to  three  diflferent  species:  P.  Un- 
geriy  P.  longifolia^  both  equally  predominant,  and  a  less  com- 
mon one,  with  veins  at  a  very  acute  angle  of  divergence  and  a 
facies  different  from  that  of  the  othei*?.  P,  Ungeri  is  extremely 
abundant  in  the  Miocene  of  Europe,  especially  in  the  upper 
strata.  It  is  present  in  the  Tertiary  flora  of  (Jreenlond,  being 
found  there  in  connection  with  or  upon  the  same  specimens 
with  a  Pterosptrmiies,  a  lledera^  and  Sequoia  LangsdorffL  It  is 
not  quoted  from  Alaska  and  Spitzbergen.  In  the  Gypseous 
beds  of  Aix  one  leaf  only  is  mentioned  of  this  species,  from  the 
fish  beds  of  Bonnieux.  The  author  says  that  it  is  very  rare  in 
this  formation,  but  that  it  becomes  more  predominant  in  the 
flora  of  Manosque  (Miocene).  Fragments  of  Conifers,  mostly 
Miocene  types,  Taxodium^  Glyptostrobus^  Sequoia^  etc.,  abound  at 
Florissant,  with  leaves  of  Myrlca^  referable  to  a  dozen  species  at 
least,  two  of  which  are  closely  related  to  M.  Zacchariensis  and 
M.  arguta  of  the  Gypseous  beds  of  Aix.  At  the  same  locality 
have  been  obtained  numerous  specimens  of  a  Populvs,  which, 
though  represented  by  leaves  of  various  sizes  and  shapes,  are 
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identifiable  with  P.  Heerii  Sap.,  of  the  beds  of  Aix,  where  it  is 
very  rare.  The  predominance  of  Salvtniaj  related  to  European 
Miocene  types,  is  also  marked  in  the  Green  River  group,  while 
one  species  only  is  described  from  the  beds  of  Aix,  there  also 
very  rare.  We  have  also  from  Florissant  a  large  specimen  of 
a  Sabal,  which,  like  SabaUtes  major  of  the  beds  of  Aix,  seems 
related  to  the  Miocene  ^bal  major  of  Europe. 

If,  therefore,  we  consider  the  relation  of  the  flora  of  the 
Green  River  group  to  that  of  the  Gypseous  beds  of  Aix,  merely 
from  the  number  of  identical  species,  it  seems  to  be  distant 
indeed,  and  more  evidently  marked  with  the  Miocene.  But 
then,  there  is  against  this  conclusion  the  remarkable  affinity  in 
the  dispersion  and  fragmentary  state  of  the  v^etable  remains, 
and  a  similar  facies  of  the  flora  apparent  in  the  predominance  of 
species  of  Myrica  and  other  Southern  types,  like  the  leaves 
oescribed  as  Calhcom^  mtcrophylla,  which,  as  remarked  in  the 
Tertiary  Flora,  cannot  be  referred  to  this  Australian  genus,  but 
perhaps  belong  to  some  peculiar  form  of  Myrica.  We  have 
also  amon^  the  vegetable  fragments  of  Florissant  Diospyros, 
Catalpa^  PraxinuSj  Ailanthusj  Paleocarya  Engelhardtia^  Ulmus, 
Acer,  mostly  fruits  and  flowers,  as  mentioned  by  Saporta  from 
the  flora  of  Aix,  leaves  of  peculiar  forms  of  Quercus,  referable 
to  Q.  salicina  and  Q,  antecedens  Sap.,  and  flowers  with  long 
stamens,  which,  lacerated  though  they  are,  have  some  likeness  to 
those  of  BombaXj  all  from  the  same  flora  of  Aix. 

But  it  is  useless  now  to  look  to  points  of  relation.  Not  only 
are  the  specimens  from  Florissant  not  yet  positively  determined, 
but  the  locality  has,  in  the  whole  thickness  of  its  shale,  merely 
vegetable  remains  of  plants  growing  around  a  shallow  inlet  of 
small  area,  that  of  a  lake  apparently,  surrounded  for  a  long 
period  of  time  by  the  same  Kind  of  shrubs  and  trees,  whose 
debris,  annually  strewn  and  preserved  upon  the  muddy  layer  of 
the  bottom,  does  not  give  a  true  representation  of  the  general 
v^etation  of  the  land.  The  American  Planera  aquatica  in- 
baoits  only  some  river  swamps  of  Florida  and  North  Carolina. 
Its  remains,  if  found  in  a  fossil  state,  though  they  might  be 
abundant  in  a  peculiar  locality,  could  not  give  us  the  slightest 
idea  as  to  the  facies  of  the  land-flora  of  these  regions.  The  great 
di£ference  and  variety  in  the  characters  of  the  plants  found  at 
other  localities  of  the  Green  River  group,  in  the  deposits  of 
Alkali  station,  of  Elko,  the  mouth  of  White  River  and  the  cut- 
oflF  of  Green  River,  show  how  little  we  know  as  yet  of  the  plants 
of  the  mighty  group,  which,  like  the  Gypseous  formation  of 
Aix,  may  represent  different  geological  periods  at  its  lower  and 
its  upper  parts. 

Passing  from  the  lower  beds  of  Aix  to  the  Oligocene 
{Tangrian  for  its  upper  part),  Saporta  sees  in  its  flora  the  expo- 
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sition  of  a  more  equable  and  more  generally  hamid  climate 
The  essential  types  of  vegetation  recognized  in  Earope  daring 
this  period  are,  tor  the  Conifers,  Lihocedrua  aab'comioides ;  Cha- 
macyparis  in  two  species ;  some  Sequoice,  among  them  &  Ibur- 
malii  and  S.  OouisivB;  Taxodium  diatichum  miocenicum^  and 
Olyptostrcbus  Europcma.  With  these  Conifers  the  aathor  men- 
tions and  figures  species  of  Ccnriptoniaj  some  of  them  of  typical 
affinity  to  the  North  American  U.  asplenifolia^  others  to  Austro- 
Asiatic  forms ;  oaks  with  coriaceous  lobate  leaves,  a  Palm, 
Sahal  major;  Aralia  HerctUea,  species  of  Myrica^  Cdaatrua^ 
Andromecia,  Dioapyroa,  Myrtua,  i/imaaa,  and,  as  related  to 
present  European  types,  BeluIcL,  Carpinua,  OairyOj  Ulmua^  AeoTj 
already  mentioned  in  the  examination  of  the  Gypseous  forma- 
tion of  Aix.  From  this  it  is  seen  that,  as  the  author  remarks, 
this  period  is  the  transmission  of  an  older  to  a  new  vegetable 
period.  As  to  localities  whose  plants  are  referable  to  the  Oligo- 
cene,  the  author  quotes,  for  France,  the  deposits  in  Auvei^e ; 
those  of  Bonzon,  of  St.  Zacharie  and  St  Jean  de  Gtii^uier ;  the 
Gypseous  beds  of  Gargas  in  Provence,  of  Alais,  Armissan  and 
Speeback ;  then  Haering  in  Tyrol,  Sotska  in  Styria,  Sagor  in 
Carinthia,  and  Mont  Promina  in  Dalmatia.  The  fioras  of  some 
of  these  localities  were  formerly  referred  either  to  the  Miocene 
or  to  the  Upper  Eocene.  The  Flysch  and  Nummulite  beds  are 
Oligocene.  From  all  these  deposits  eight  to  nine  hundred 
species  have  been  obtained. 

The  Miocene  period  is  subdivided  into  two  sections  or  subpe- 
riods.  The  lowest,  the  Aquitanian,  begins  with  the  regression 
of  the  Tongrian  Sea,  and  terminates  at  the  invasion  of  the 
Molassic,  a  period  which  ends  with  the  more  recent  strata  Mio- 
pliocene. 

The  Aquitanian  has  beds  of  lignite  sometimes  very  thick. 
The  more  important  localities  where  plants  of  this  formation 
have  been  discovered  are  Manosque  in  Provence ;  Cadibona, 
Piedmont;  Thorens,  Savoy;  Paudeze  and  Monod  in  Switzer- 
land ;  Bovey  Tracy  in  England  ;  Coumi  in  Eubsea ;  Rhadoboy  in 
Croatia,  etc.  The  flora  of  both  periods  of  the  Miocene  is  well 
known,  and  has  been  so  admirably  well  studied  and  described, 
especially  by  Heer,  that  every  i)hytopaleontologist  has  become 
acquainted  with  its  essential  types.  A  large  number  of  them 
are  figured  in  Saporta's  book. 

The  Oligocene  types  of  Conifers,  as  also  those  of  the  dicoty- 
ledons, still  remaining  in  the  present  flora,  pass  of  course 
through  the  Miocene.  But  the  climate  of  this  period  has  a  far 
less  degree  of  uniformity,  or  the  zones  a  less  degree  of  expan- 
sion, and  therefore  the  floras  become  more  diversified,  accord- 
ing to  the  latitude  of  the  localities  in  which  they  are  observed. 
Thus  the  flora  of  Coumi  is  marked  by  a  large  profusion  of  men- 
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dional  forms,  though  those  of  the  temperate  zone  are  not  all 
excluded.  In  this  flora  appears  the  last  European  Cycad. 
Species  of  ScAal  are  present  m  all  the  groupjs  of  plants  of  the 
Aquitanian.  The  vegetation  of  the  molasse  is  still  more  widely 
elucidated  in  the  great  tertiary  flora  of  Heer.  A  number  of 
species  of  Populus,  Planera  Ungeriy  Plaiantis  aceroideSy  Liquid' 
ambar  Europeum,  Podogonium  species,  Ficus  tilic^olia,  Myrica 
(Eningensis,  Comptonia  acutilobaj  oaks  belonging  to  the  live  oaks 
with  semi-persistent  leaves,  and  related  to  types  of  Mexico  and 
Louisiana;  species  of  Tilia,  UlmuSy  Celtis,  Magnolia,  Lirioden- 
dron,  VitiSy  are  the  predominant  plants  of  the  Upper  Miocene 
period.  They  are  most  of  them,  if  not  all,  recognized  in  the 
present  vegetation  of  North  America,  to  which  that  of  the  Mio- 
cene of  Europe  has  been  often  compared. 

The  more  important  localities  where  remains  of  Upper  Mio- 
cene plants  have  been  discovered  in  Europe  are  Salzhausen, 
Rockenberg,  etc.,  Weteravia ;  Gunzburg  in  Bavaria ;  Bilin  in 
Bohemia ;  Manat  and  Mount  Charray  m  France ;  (Eningen  in 
Switzerland ;  Parschlug  and  Gleichenberg  in  Styria ;  Tokay  in 
Hungary  ;  Vienna  in  Austria. 

In  the  comparison  of  the  American  groups  of  Tertiary  fos- 
sil plants,  none  has  been  found  to  agree  with  those  of  this 
period,  by  analogy  of  character,  but  that  of  Carbon  or  of  the 
Washakie  group,  where  essentially  Platanus  acerotdes  or  P. 
GuHhelmce,  and  Acer  trilobatumy  abound,  together  with  species 
described  by  Heer  from  the  molasse  of  Switzerland.  That  pecu- 
liar Ficus  tiluBfolia,  considered  as  Miocene  in  Europe,  easily 
recognized  by  its  inequilateral  leaves  and  the  coarse  and  deep 
venation,  abundant  as  it  is  in  diflerent  localities  of  the  Lower 
Lignitic,  has  also  left  its  remains  at  Washakie.  It  is  univer- 
sally distributed  in  the  ancient  floras  of  this  continent 

Saporta's  book  opens  the  examination  of  the  Pliocene  flora, 
by  an  interesting  introduction.  **The  Miocene  marks  for 
Europe  an  era  of  vegetable  splendor,  an  epoch  of  quiet  temper- 
ature without  extremes,  of  beneficial  humidity,  favoring  the 
highest  development  of  the  vegetation  upon  a  continent  not  yet 
feeling  the  change  to  which  it  was  about  to  be  subjected.  The 
Pliocene  period  is  the  declining  age  of  the  European  flora,  the 
time  when  the  climatic  conditions  are  definitively  altered, 
when  the  vegetation  becomes  gradually  poor  and  ceases  to  gain 
anything.  The  progress  of  the  phenomenon  is  slow,  but  it 
moves  along  an  inclined  plane  on  which  it  never  stops.  Those 
ornamental  plants,  those  precious  trees,  those  noble  and  ele- 
gant shrubs  which  are  now  carefully  trained  by  artificial  cul- 
ture in  European  conservatories,  were  until  then  inhabitants, 
of  Europe,  but  left  it  forever.  One  by  one  the  ostracised  plants 
take  their  departure,  lingering  here  and  there  on  the  road  to 


282  On  the  Plants  of  the  World  be/ore  Man. 

exile.  It  is  this  exodus  that  we  should  have  to  describe  if  we 
could  follow,  step  by  step  the  inarch  of  retrogression,  and  indi- 
cate species  by  species,  the  progress  and  the  result  of  this 
abandonment  of  our  soil." 

The  decline  in  the  richness  of  the  vegetation  of  the  Miocene 
period  is  described  in  detail  by  the  author,  and  its  causes  are 
clearly  exposed.  He  considers  it  (as  remarked  already)  to  be 
essentially  the  result  of  a  gradual  lowering  of  the  temperainre, 
which  from  its  origin  at  the  end  of  the  Eocene,  had  been  in 
constant  progress  until  now,  with  casual  modifications.  It  was 
due  to  the  influence  of  a  phenomenon  which  has  acted  upon 
the  whole  globa 

The  vegetation  of  the  Mio-pliocene  has  been  rarely  observed 
in  Europe.  From  Sengaglia,  Italy,  Massalongo  has  described 
species  of  the  genera  OreuicL,  AceVj  FaguSy  most  of  them  of  pres- 
ent American  types.  The  Conifers  are  still  those  of  the  Molasse, 
to  which  Salidmria  adiantoides  is  added.  Sassafras^  lArioden- 
dron,  Tilta,  Oercis  are  represented  there  also.  Saporta  has 
lately  published  the  flora  of  the  Pliocene  tufa  of  Maximieux, 
with  Oreodaphne  Heerii^  Laurus  Canariensis,  Persea  OaroHn- 
iensiSy  Acer  opiiU/oliumj  Nerium  oleander^  adding  to  the  specific 
names  the  appellation  pliocenica^  all  being  mere  varieties  of 
species  living  now  in  the  islands  or  African  shores  a  few 
degrees  south  of  France,  or  in  the  Gulf  region  of  North  Amer- 
ica. There  is  also  a  Buxus  pUocentcus,  a  Torreya,  Viburnum 
rugosum,  an  Ilex,  a  Juglans,  and  among  the  ferns,  Woodwardia 
radicans  and  Adianttim  reniforme.  As  remarked  by  Saporta, 
the  Poplar  [Populus  alba  pbocenica),  the  Button  Wood,  Plata- 
nus,  the  Magnolia  and  the  Tulip  tree  in  the  Mio-pliocene  of 
Europe  were  about  the  same  as  the  species  now  inhabiting 
North  America;  are  specifically  recognizable,  though  markea 
with  slight  differences.  The  relation  of  these  species  and  others 
named  by  the  author  to  some  of  the  present  time  is  examined 
by  an  exposition  of  the  gradations  which  have  given  them  their 
present  characters. 

The  last  chapter,  entitled  "a  general  insight  into  the  ensem- 
ble of  the  period."  cannot  be  summed  up  in  a  few  sentences. 
It  relates  especially  to  the  phenomena  which  have  contributed, 
as  causative  agents  or  as  elements,  to  the  gradual  modification 
of  the  vegetation  from  the  end  of  the  Mesozoic  to  the  present 
times.  A  mass  of  facts  are  grouped,  compared  and  discussed, 
in  support  of  the  conclusions,  as  evidence  of  the  gradual  devel- 
opment (evolution)  under  various  local  or  general  influences. 
As  an  exemplification  of  the  march  of  transformism  the 
author  figures  the  leaves  of  three  vegetable  types,  Laurus^ 
Hedera,  Nerium,  as  they  appear  in  successive  periods  from  the 
Eocene  to  the  end  of  the  Pliocene. 
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The  remarks  on  this  subject  are  rendered  more  interesting 
and  conclusive  by  their  correlative  application  to  the  animal 
kingdom.  There  is  between  the  modifications  of  animal  and 
v^etable  types  a  remarkable  coincidence  which,  however,  is  a 
matter  of  course,  as  animal  life  depends  on  the  plants.  It  is 
well  known,  for  example,  that  the  Giraffe  in  its  African  wilder- 
ness especially  feeds  upon  Acacia  or  Gum  trees.  This  kind  of 
plants  appears  first  at  the  base  of  the  Gypseous  beds  of  Aix, 
at  the  end  of  the  Eocene,  and  there  also  have  been  found  the 
bones  of  Xiphodon,  prototype  of  the  Giraffe,  which  in  its  pres- 
ent form  appears  later  in  the  Miocene  in  its  migrating  pro- 
gress from  France  to  Africa.  It  is  at  this  epoch  of  the  Upper 
Eocene  that  mammals  make  their  first  appearance  in  Europe, 
an  advent  prepared  and  predicted  by  the  luxuriance  of  the 
vegetation  of  tne  Lower  Eocene. 

It  should  not  be  supposed  from  these  cursory  remarks,  that 
Saporta*s  book,  **Le  Monde  des  Plantes,''  is  a  dry  exposition  of 
facts,  or,  descriptive  enumeration  of  fossil  remains,  prepared 
only  for  the  instruction  of  the  paleontologist  Far  from  this ; 
it  is  an  exposition  of  the  vegetation  of  our  earth,  in  its  gradual 
modifications  from  the  oldest  antiquity  to  our  time,  in  a  series 
of  tableaux  as  clearly  defined  by  words  as  they  could  be  by 
the  pencil  of  a  painter.  To  these  tableaux  a  multiplicity  of 
facts, — some  of  them  new  and  all  instructive — give  life  and 
animation ;  while  thev  are  colored  by  the  richness  and 
brilliancy  of  an  admirable  style.  The  book  is  thus  read  with- 
out fatigue  and  with  increasing  interest,  from  the  first  page  to 
the  last. 

OolombuB,  0.,  January  23,  1879. 


Abt.  XXXrV. — Double  Stars  discovered  by  Mr.  Alvan  Q.  Clark; 

by  S.  W.  BURNHAM. 

The  double  stars  discovered  bv  Mr.  Alvan  G.  Clark,  of 
the  well-known  firm  of  Alvan  Clart  &  Sons,  telescope  makers, 
Cambridgeport,  Mass.,  are  for  the  most  part  prominent  and 
interesting  objects,  and,  with  the  exception  of  Sirius,  have  not 
been  published,  or  brought  to  the  attention  of  astronomers 
generally.  They  are  nearly  all  difficult  pairs,  and  such  as 
require  for  measurement  a  first-class,  if  not  a  large,  instrument 
All  the  recorded  measures  of  each  star  in  the  following  list  are 
given,  except  of  the  first  Most  of  the  microraetrical  observa- 
tions are  by  the  Washington  observers,  and  by  Baron  Dem- 
bowski  and  mysell  All  of  the  latter  measures  have  been 
made  at  the  Dearborn  Observatory,  Chicago. 


284 


Doubh-Stara  discovered  by  Alvan  G.  Clark, 


The  Dames  and  places  of  the  stars  are  as  follows : 


No. 

BUr. 

&  A.  1880. 

I>«cL1880. 

Magnltndes 

1 

Sinus. 

e"*  39»  53* 

-le** 

33' 

1   -.10 

2 

W  VII,  1131. 

7    40    20 

+  28 

59 

8   .-11 

3 

p  Hydrae. 

8    42      5 

+   6 

17 

5   .-13 

4 

L  23271. 

12    20    37 

+   0 

29 

7^.. 10 

5 

46  VirginiB. 

12    54    25 

-  2 

43 

6-6.-8-9 

6 

Arg.  (30)  2534. 

14    28    45 

+  30 

21 

9i..l0 

T 

e  CoroTUR. 

15    52    37 

+  27 

14 

4  -.13 

8 

102  Herculis. 

18      3    38 

+  20 

48 

5  ..12-13 

9 

y  Ljne. 

18    54    27 

+  32 

31 

3  ..12 

10 

P  XTX,  257. 

19    39    15 

+  10 

29 

H-  H 

11 

CSagittn. 

19    43    39 

+  18 

51 

6.-6 

12 

a»  Capricomi. 

20    11    24 

-12 

56 

3  .. 

13 

T  Cygni. 

21    10      0 

+  37 

32 

5i..  8 

14 

78  Pegasi. 

23    37    67 

+  28 

42. 

5-8 

No.  1.     Siriua. 

The  history  of  this  interesting  system  is  too  well  known  to 
require  more  than  a  brief  mention.  From  periodical  irregu- 
larities in  the  observed  proper  motion  of  Sirius,  Bessel,  more 
than  thirty  years  ago,  suspected  the  existence  of  a  satellite 
revolving  with  the  large  star  around  their  common  center  of 
gravity.  The  theoretical  orbit  of  the  disturbing  body  was 
calculated  by  Peters,  and  a  period  of  fifty  years  found  to 
satisfy  the  meridian  observations.  The  suspected  companion 
was  looked  for  by  many  observers  without  success.  In  Jan- 
uary, 1862,  Mr.  Clark  placed  the  l&Jinch  obiect  glass,  now  at 
the  Dearborn  Observatory,  Chicago,  then  the  largest  object 
glass  in  the  world,  in  a  temporary  stand,  and  turned  it  upon 
Sirius.  A  small  star  was  at  once  detected  almost  exactly  in 
the  place  assigned  by  theory.  Once  discovered,  it  was  readily 
seen  and  measured  with  the  same  instruments  with  which  it  had 
been  vainly  looked  for  befora  I  have  seen  it  repeatedly  with 
my  6-inch  Clark  refractor ;  but  a  steady  air  is  necessary  with 
any  moderate  aperture,  because  of  the  great  brilliancy  of  Sirius, 
which  overpowers  the  light  of  the  small  star,  and  because  of  its 
low  altitude  in  northern  latitudes.  Probablv  in  the  southern 
hemisphere  a  good  5-inch  object  glass  would  show  it  satisfac- 
torily. Why  it  should  have  remained  so  long  undiscovered, 
after  attention  had  been  called  to  it,  cannot  be  easily  explained. 
For  this  discovery,  Mr.  Clark  was  awarded  the  I^lande  gold 
medal. 

The  companion  has  been  measured  every  year  since  1862, 
and  during  the  latter  portion  of  the  time  the  observations  are 
very  numerous.  The  last  orbit  of  the  theoretical  satellite, 
computed  by  Auwers,  based  upon  all  the  available  observations 
of  proper  motion,  gives  a  period  of  49*40  years.  From  these 
elements  an  ephemeris  has  been  calculated  for  every  second  or 
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third  year,  which  is  given  in  the  following  table,  together  with 
some  of  the  actaal  measures  made  near  the  corresponding 
timea  It  will  be  seen  that  the  angular  motion  of  the  real 
star  is  more  rapid  than  that  of  the  theoretical  star,  and  with  a 
less  change  in  distance,  indicating  a  longer  period  than  fifty 
years. 


Calculated. 

Obaerred. 

18620 

86"-4 

lO'lO 

1862*2 

84''-6 

10'-7 

Bond. 

62*2 

850 

10*09 

Butherfurd. 

63-2 

82-5 

10-16 

0.  Stnive. 

1865-0 

799 

10-78 

1865-2 

77-2 

10*60 

0.  Stnive. 

65-2 

76*8 

10-77 

Fdrster. 

65-2 

760 

1007 

SeochL 

18680 

760 

11-15 

1868-2 

70-2 

11-25 

VogeL 

1 

68-2 

69-5 

11*35 

BruhDfl. 

68-3 

71-6 

10-95 

EngelmaniL 

69-2 

68-6 

11*26 

Diin^r. 

1871-0 

70-3 

11-20 

1871-2 

640 

11-21 

Dun^. 

72-2 

59*8 

1114 

Dun^. 

72-2 

67-7 

11-65 

Newoomb. 

1874-0 

65-5 

10-95 

1873*2 

65*8 

11*12 

Hall. 

73-2 

60*9 

10-65 

Dun^. 

73-9 

69*4 

12-27 

Hall 

74-2 

59*0 

11*46 

Newoomb. 

74-2 

68-7 

10-99 

Holden. 

74-2 

57-9 

1110 

HaU. 

76-2 

57*1 

10*81 

Dun^. 

75-2 

56*6 

11-41 

Newoomb. 

75-2 

66-3 

11-08 

Han. 

18760 

62-1 

10-69 

1876-1 

54*9 

11-82 

Holden. 

76-2 

652 

11-19 

HaU. 

77-1 

53-1 

11*20 

Stone. 

77-2 

52*8 

11*35 

Holden. 

77-3 

53*4 

10-95 

HaU. 

18780 

58-4 

1005 

780 

524 

10-83 

Bumb&m. 

78-1 

50*5 

11*07 

Holden. 

78-2 

51*7 

10*76 

HaU. 

791 

50-7 

10*44 

Bumham. 

1880-0 

64-2 

9-33 

The  last  observed  position  is  the  mean  result  of  ten  nights' 
measures  made  at  the  Dearborn  Observatory  in  the  past  two 
montha 

The  existence  of  another  satellite  has  been  suggested  as  an 
explanation  oE  the  variation  shown  above,  but  all  attempts  to 
find  any  other  body  have  thus  far  been  unsuccessful 

Ko.  2. 

Discovered  in  May,  1876,  with  the  12-inch  object  glass  now 
at  the  Vienna  Observatory.  This  very  uneaual  pair  is  in  the 
neighborhood  of  Pollux,  about  40'  south,  and  a  little  following. 
The  only  measure  is  the  following : 

Bumham P=114°-9         D=0'-81         1879-0         In 
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No.  3.    p  Mf/drm. 

The  very  minute  attendaDt  to  this  star  was  detected  with  the 
Washington  26-inch  refractor.     The  only  measures  I  am  ac- 
Quainted  with  are  those  made  with  the  IS^-inch  of  the  Dearborn 
Observatory.    A  mean  of  three  observations  is  as  follows : 
Bumham P=U4*-9        D=12^-40         18780         3n 

No.  4.    L  23271. 

A  close  and  unequal  pair  discovered  May  19,  1876,  with  the 
Vienna  12-inch  object  glass.  The  following  are  all  the  measures : 

Hall P=233°-6  D=0^-85  1876-4         3n 

Dembowski..         234*1  0*87         1877*4        2n 

No.  5.     46  Virginie. 

Discovered  on  the  same  evening  as  the  preceding,  and  with 
the  same  glass.  It  is  a  fine  pair,  and  just  within  the  reach  of  a 
6-inch  aperture.     It  has  been  measured  as  follows : 


Hall P=168*'-9 

D=  1^-82 

1876-4 

3n 

Dembowski . .          148-6 

1-21 

1877-4 

2n 

Stone 146-7 

116 

1878-2 

In 

Bumham 161*6 

1-48 

1878-3 

2n 

The  magnitude  of  the  small  star  is  rated  8  by  Dembowski, 
9-5  by  Stone,  and  11  by  Hall. 

In  measuring  this  pair,  a  very  faint  companion,  about  13th 
magnitude,  was  detect. 

P==116'-9         D=33^-86         1878*3 

No.  6. 

A  difficult  pair  of  small  stars  in  a  low-power  field  with 
<T  Bootis,  7)p.  It  has  been  measured  by  Dembowski  only,  and 
the  following  is  a  mean  of  two  observations  : 

Dembowski -..P=139'*8         D=0'-76         1877*0         2n 

This  was  also  found  with  the  Vienna  glass. 

No.  7.     €  Coron€B. 

A  very  difficult  and  unequal  pair  discovered  May,  1876, 
with  the  Washington  26inch.  The  companion  is  an  exceed- 
ingly minute  point  of  light,  even  with  a  large  aperture.  Mr. 
Edgecomb,  of  Uartford,  sees  it  with  a  9*4-incn  Clark  refractor, 
but  this  must  be  regarded  as  a  very  remarkable  test  of  acute 
vision.     The  following  are  all  the  measures : 

Hall P=351°-4  D=2''-17  1876*4         4n 

Bumham 360*2  1*86  1878*3         2n 

No.  8.     102  HercvlU. 

A  faint  companion  detected  with  the  12-inch  Clark  object 
glass  now  in  the  possession  of  Dr.  Draper.    The  only  measure  is: 
Bumham P=46*'*9        D=23'-42  1878*4         In 
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No.  9.     y  LyrcB.    ( 02  644.) 

This  pair,  discovered   a  number  of  years  since  with  the 

12-inch  glass  now  at  the  Vienna  Observatory,  is  one  of  the 

recently  published  additions  to  the  Pulkowa  Catalogua  It 
has  been  measured  as  follows : 

Otto  Strove.. P=296°-9         D=13'-79         18686         Zn 

Newcomb 297*8  12-48         1874-6     l-4n 

Burnham 301-1  12  76         1878-4         2w 

No.  10.     P  XIX,  267.     (AC=22670=%iL  91=S  723.) 

This  has  been  known  as  a  wide  pair  nearly  a  century. 
With  the  Draper  12-inch,  the  large  star  in  August,  1875,  was 
found  to  be  an  excessively  close  pair.  I  have  measured  this 
with  Dearborn  Observatory  refractor  on  four  nights,  as  follows: 

P=126*'-l  1877-68 

147*4  1877-72 

147-0  D=0^-26  1878-62 

142-0  0*32  1878-70 

There  is  no  evidence  of  change  in  the  9*5  magnitude  star, 
as  will  appear  from  the  following  observations : 

Herschel  1 ..P=278°-2  1783-6  In 

Struve 276-2     D=4^-08  1827-0  3n 

Mitchel 276-7  3-96  1847-7  In 

Secchi 276-3  4-10  1867-6  In 

Wilson  and  Seabroke.  279-9  3*87  1874-1  2/» 

Wilson  and  Seabroke.  277*8  4*30  1876-7  In 

Bumham 276-6  4-16  1878-7  In 

No.  1 1.     C  SagitUB.     (AC=^2686=  9 II.  30=SA  307.) 

Discovered  as  a  wide  pair  in  1781  by  Herschel  L  It  was  meas- 
ured by  many  observers  down  to  1875,  when  the  duplicity  of 
the  principal  star  was  detected  with  the  same  instrument  with 
which  the  two  preceding  discoveries  were  made.  My  measures 
of  this  at  the  Dearborn  Observatory  indicate  an  increase  in  the 
distance.  I  found  it  obviously  less  difficult  in  1878  than  the 
previous  year.    The  individual  measures  are  as  follows : 

P=168**-3  D=0'-22  1877-72 

157-6  0-24  1877-73 

168-1  0-27  1877-77 

168-7  0-35  1878-64 

166-4  0-36  1878-70 

Struve  gives  the  magoitutes,  5-7  and  8-7,  of  the  wide  pair. 
These  stars  appear  to  be  relatively  fixed. 

Struve P=312*'-8  D=8°-49  1831-1  In 

O.  Struve 311-2  871  1846-9  7» 

Wrottesley 311-8  8-77  1854-6  8n 

Wilson  and  Seabroke.         311-2  8-8  18736  In 
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No.  1 2.     a*  Caprieomu    ( AB=H  608.) 

Herschel  II  discovered  a  16-magDitude  companioD  to  this  star 
and  entered  it  in  his  second  catsdogue  of  double  star&  Since 
that  time  it  has  received  but  little  attention  from  double-star 
observers.  Under  favorable  conditions  a  6-inch  refractor  will 
show  it  fairly.     The  following  are  all  the  measures: 

Herschel  n -P=141°-2  D=6'±  1880±  1m 

Mitchel 1441  6-36  1846-7  18n 

Holden   1462             18746  2n 

Burnham 160-2  7*41  1878-5  8n 

In  November,  1862,  with  the  18i-inch  object  glass  now  at 
the  Dearborn  Observatory,  Mr.  Clark  found  that  this  minute 
companion  was  itself  a  close,  equal  pair.  Professor  Young 
was  able  to  see  it  with  the  9*4-incn  refractor  of  the  Dartmoutn 
College  Observatory  when  observing  at  Sherman,  Colorado, 
from  an  altitude  of  more  than  8,000  feet  above  the  sea  level 
This,  to  anyone  who  has  seen  this  minute  pair,  is  a  striking 
illustration  of  the  importance  of  getting  above  the  lower  atmo- 
sphere.    The  following  are  all  the  measures : 

Holden    P=67°-6  D=l'-72  1874-6  In 

Newcomb 586  1-24  1874-6  In 

Hall 65-2  1-14  1875-7  In 

Hall 63-2              1876-7  In 

Bumham 61-2  1-06  1878-5  2n 

No.  13.     T  Cygnu 

This  fine  pair  was  discovered  in  October,  1874,  with  the 
26-inch  object  glass  manufactured  for  Mr.  L.  J.  McCormick  of 
Chicago.  Tt  has  already  shown  rapid  angular  motion,  and  is 
undoubtedly  a  binary  system.  It  has  been  carefully  and 
regularly  observed  by  Baron  Dembowski.  The  individual 
measures  are  as  follows: 

P=:174-8  D=l-06  1874-90 

174-3  1-43  1875-33 

171-0  1-33  1875-51 

171-5  1-37  1875-67 

168-9  1-26  1875-89 

163-2  1-26  1876-:6 

159-8  1-23  1876-82 

157-0  1-47  1877-39 

157-7  1-25  1877-43 

157-5  1-33  1877-59 

155-8  1-37  1877-70 

1550  1-21  1877-79 

152-5  1-15  1877-84 

154-2  1-14  1877-92 

1529  1-17  1877-94 
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Other  measures,  with  the  mean  results  of  Dembowski's  obser- 
vations, are : 

Newcomb P=162°-6     D=l'-10  1874-8  2n 

Dembowski 174-5  1-24  1876-1  Sn 

Dembowski 170-5  1-32  1876*7  2n 

Dembowski 161*5  1*24  1876*8  2n 

Waldo    166-9  1-62  1876-9  2n 

Hall 160-2  1-03  1776-9  2n 

Dembowski 155-3  126  1877-7  8n 

Bumbam 150-0  106  18784  In 

There  is  a  third  extremely  faint  star: 

Newcomb P=261**-7    D=15M0       1874-7         In 

Hall 260-3  15-68       1876-9         In 

No.  14.     78  Pegaai. 

An  unequal,  but  not  very  difficult  pair,  discovered  in  Nov., 
1875,  with  the  12-inch  glass  now  at  the  Morrison  Observatory, 
Glasgow,  Missouri.  Dembowski  gives  its  magnitudes:"  6*0 
yellow,  8*1  olive.     The  only  measures  are: 

Dembowski P=192**-0    D=  1^-45         18766         4n 

Bumh§m 190-8  1-64         1878-8         In 

Ghicsgo,  March  1,  18*79. 


Art.  XXXV. —  Underground  Temperatures  on  the  Comstock  Lode  ; 
by  John  A.  Church,  Professor  of  Mining,  Ohio  State  Uni- 
versity, Columbus,  Ohio. 

During  the  summer  and  fall  of  1877,  I  was  engaged  in 
making  an  extended  examination  of  the  mines  situated  on  the 
Comstock  lode  in  Nevada.*  Though  investigations  of  the  kind 
described  in  this  paper  were  but  a  subordinate  part  of  the  pro- 
posed work,  and  the  time  given  to  them  necessarily  restricted, 
enough  facts  were  accumulated  to  show  on  how  vast  a  scale 
the  heat  phenomena  of  the  district  are  exhibited. 

The  Comstock  mines  are  not  only  the  only  hot  ones  of  note 
in  this  country  but  they  appear  to  oe  the  hottest  in  the  world. 
The  highest  mine  temperature  reported  to  the  British  Coal  Com- 
mittee was  106°  F.,  but  some  of  the  Cornish  mines  have  shown 
an  air  temperature  of  100°  to  118°  F.  There  the  air  was  hotter 
than  the  rock,  which  is  never  the  case  on  the  Comstock.  The 
hottest  water  reported  in  a  Welsh  mine  had  a  temperature  of 
125°  F.  (J.  A.  Phillips).  All  of  these  observations  are  surpassed 
by  the  extraordinary  conditions  of  the  Comstock. 

^This  examination  was  made  in  connection  with  the  United  States  Survey  of  the 
Territories  west  of  the  100th  meridian,  in  charge  of  Lieut  Oeo.  M.  Wheeler, 
Corpe  of  Engineers,  U.  S.  A. 
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The  rock  in  the  lower  levels  (1900-2000  feet)  of  the  Corn- 
stock  mines  appears  to  have  a  pretty  uniform  temperature  of 
180°  F.  This  was  the  reading  obtained  for  me  on  several  occa- 
sions by  Mr.  Comstock,  foreman  of  the  Ophir  mine,  and  about 
the  same  temperature  was  found  by  Mr.  Perrin,  foreman  of  the 
Chollar  Potosi,  by  Mr.  Cosgrove,  foreman  of  the  Yellow  Jacket 
(189  J°  F.  and  136°  R,  2200  foot  level),  and  by  myself  in  the 
Crown  Point  and  other  mines.  These  readings  were  obtained 
by  placing  a  thermometer  in  a  drill-hole  imm^iately  after  the 
hole  was  finished,  and  leaving  it  there  for  periods  varying  from 
ten  minutes  to  half  an  hour. 

The  holes  in  which  the  thermometers  were  placed  were  not 
sunk  especially  for  this  work  of  testing,  but  were  the  ordinary 
drill-holes  made  for  the  purpose  of  blasting  the  rock.  They 
varied  therefore  from  about  ten  inches  to  three  feet  in  depth, 
but  their  shallowness  by  no  means  indicates  that  the  results 
obtained  are  vitiated  by  alteration  of  the  conditions  through 
exposure  to  radiation. 

Mining  on  the  Comstock  proceeds  with  extraordinary  rapid- 
ity. The  drifts  are  advanced  steadily  at  the  rate  of  three,  nve, 
and  sometimes  even  eight  and  ten  feet  a  day,  and  therefore  the 
ground  in  which  the  miners  are  working  is  always  fresh  •ground. 
The  drill-hole  which  is  made  to-day  was  covered  a  week  a^ 
by  thirty  to  fifty  feet  of  rock.  Very  often  the  holes  were  in 
ground  which  bad  been  exposed  only  one  or  two  hours,  having 
been  sunk  immediately  after  a  blast  which  threw  off*  four  or 
five  feet  of  the  rock.  The  surface  which  was  thus  thrown  down 
itself  had  not  been  exposed  more  than  twenty-four  hours.  The 
high  temperature  and  small  flow  of  air  in  the  heading  forbid 
the  supposition  that  any  sensible  diminution  of  heat  could  have 
taken  place  at  the  bottom  of  a  drill-hole  made  in  material  of 
such  low  conductivity  as  rock.  These  facts  give  the  results  as 
much  value  as  if  they  had  been  obtained  from  holes  twenty  feet 
deep. 

The  surface  of  the  rock  exposed  to  the  air  of  the  drift  was 
found  on  one  occasion  to  be  about  123°  F.,  the  experiment 
being  made  near  the  **  header*' or  end  of  the  drift  The  air 
itself  was  found  to  show  considerable  uniformity  when  its  tem- 

ferature  was  taken  under  circumstances  that  were  at  all  similar, 
n  freshly  opened  ground  it  varied  from  108°  to  116°  F.,  and 
higher  temperatures  are  reported  at  various  points,  reaching  in 
fact  as  high  as  123°  F.  in  the  1900  level  of  the  Gould  &  Curry. 
The  temperature  of  the  air  is  subject  to  more  fluctuations 
than  that  of  the  rock,  for  the  simple  reason  that  it  is  artificially 
supplied  to  the  mine,  and  varies  according  to  the  distance  to 
which  it  is  carried,  the  quantity,  velocity  in  the  pipe,  its  initial 
temperature,  and  moisture  in  the  drift.     The  most  important 
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causes  of  variation  are  the  length  of  the  drift  and  the  presence 
or  absence  of  water.  In  general  the  variation  at  similar  depths 
is  not  more  than  eight  d^rees.  Drifts  that  do  not  exceed  two 
or  three  hundred  leet  in  length  are  usually  not  above  110°  or 
112**  F.  in  temperature  and  often  they  are  below  this.  But  when 
the  length  increases  to  1200  and  1500  feet  the  temperature  may 
rise  to  116°  F.  without  any  other  change  in  the  circumstances. 
But  much  higher  temperatures  are  encountered  in  places  where 
the  increase  cannot  be  attributed  to  artiiScial  causes. 

These  limits  are,  however,  not  in  the  least  degree  true  of  the 
water  which  enters  the  drifts  from  the  country  rock,  and  also 
from  the  lode  rocks.  That  approaches  more  nearly  150"  F.  The 
vast  body  of  water  which  has  filled  the  Savage  and  Hale  & 
Norcross  mines  for  two  years,  and  from  which  it  is  safe  to  say  a 
million  tons  of  water  have  been  pumped  within  twelve  months, 
gave  me  a  temperature  of  154°  F.  Even  after  being  pumped 
to  the  surface  through  an  iron  pipe  exposed,  in  the  shaft  of  the 
Hale  &  Norcross,  to  a  descending  current  of  fresh  air  for  more 
than  a  thousand  feet,  and  then  flowing  for  one  or  two  hundred 
feet  through  an  open  sluice  in  a  drain-tunnel  which  discharges 
into  a  measuring-oox,  the  water  in  this  box  was  found  to  have 
a  temperature  of  no  less  than  145°  F. 

But  the  water  varies  in  temperature  in  different  parts  of  the 
lode  like  the  rock  and  the  air.  In  the  East  crosscut  2000  foot 
level,  of  the  Crown  Point  Mine,  which  is  noted  for  its  extreme 
beat,  a  small  stream  of  water,  after  flowing  for  nearly  one  hun- 
dred and  fifty  feet  over  the  bottom  of  the  drift,  was  found  to 
have  a  temperature  of  157°  F.  Here  the  drift  was  closed  so 
that  the  water  was  but  little  exposed  to  evaporation.  On  the 
contrary,  in  other  places  the  water  is  much  less  hot,  but  I  be- 
lieve it  is  always  hotter  than  the  air,  and  in  many  cases  it  ap- 
pears to  be  hotter  than  the  rock  is  found  to  be,  except  m 
especially  hot  spots. 

These  places  of  exceptionally  high  temperature  are  very  num- 
erous throughout  the  lode  and  they  appear  to  occupy  narrow 
belts.  The  East  crosscut  of  the  Crown  Point  2000  feet  level, 
which  was  temporarily  abandoned  and  boarded  up  on  account 
of  the  heat,  gave  me  an  air  temperature  of  150°  F,  the  ther- 
mometer being  thrust  through  a  crack  in  the  boarding.  I  felt 
convinced  that  at  the  head  of  this  crosscut  the  heat  must  be 
higher  than  this,  and  Mr.  Balch,  foreman  of  the  mine,  informed 
me  that  it  had  been  proved  so.  Another  hot  spot  is  in  the 
Imperial  Consolidatea  Mine.  Here  the  Black  Dike  splits, 
sending  a  shoot  off  to  the  northeast^  and  a  drift  has  been  run 
on  the  two  thousand  foot  level,  along  the  eastern  side  of  this 
branch  dyke.  This  proved  to  be  a  very  hot  spot  indeed. 
Bock,  air  and  water  were  all  so  much  above  the  usual  limits  of 
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temperature  even  in  these  hot  mines  that  the  work  of  catting 
the  drift  must  have  been  extremely  severe.  It  might  not  have 
been  accomplished  had  not  the  expedient  been  adopted  of  board- 
ing or  **  lagging  "  up  the  sides  of  the  drift  with  a  double  thick- 
ness of  plank,  breaking  joints.  This  confined  the  water,  which 
poured  down  the  walls,  to  a  tight  chamber,  and  left  the  main 
part  of  the  drift  for  the  men  to  work  in  comparative  comfort 
The  lagging  remains,  and  has  been  carried  around  into  the 
main  drift,  which  is  still  in  active  use.  Its  joints  are  calked 
with  tow,  and,  one  of  these  being  stripped  for  me,  the  steam 
from  the  water  immediately  poured  out  and  proved  to  be  scald- 
ing-hot when  tested  by  the  finger.  I  did  not,  however,  suc- 
ceed in  getting  a  fair  reading  of  the  thermometer,  because  the 
crack  was  too  small  to  admit  more  than  the  end  of  the  bulh 
The  thermometer  must  have  cooled  by  the  evaporation  of  con- 
densed moisture  from  its  bulb ;  but,  even  under  these  adverse 
circumstances,  the  temperature  of  the  steam  was  taken  at  123^ 

The  Belcher  south  incline  has  a  hot  belt  of  rock,  quite  nar- 
row, a  short  distance  above  the  1900  station,  and  in  fact  similar 
hot  places  are  found  in  most  of  the  minea 

It  is  noticeable  that  the  neighborhood  of  a  dike  is  apt  to 
be  hotter  than  other  portions  of  the  rock.  This  is  the  case  in 
the  Julia,  and  in  the  Imperial,  the  branch  dike  is  hot,  as  iust 
mentioned,  and  the  main  incline,  which  is  quite  near  the  Black 
Dike  has  always  been  noted  for  its  extreme  heat  But  near- 
ness to  the  Black  Dike  is  also  a  characteristic  of  most  inclined 
shafts  on  ihe  lode.  Some  are  west  of  it ;  some  in  it  for  long 
distances  ;  others  east  of  it.  These  inclines  do  not  all  exhibit 
unusual  heat  and  it  will  be  shown  farther  on  that  there  is  a 
special  cause  for  the  exceptions. 

Belts  of  excessively  hot  ground  are  not  the  only  noticeable 

Ehcnomena  in  these  mines.  More  remarkable  still  are  the 
elts  of  unusually  cold  rock.  These  are  fewer  in  number  than 
the  hot  belts,  but  they  are  also  strongly  marked.  They  are 
always  wet,  and  the  water  that  drips  through  the  crevices  of 
the  shattered  rock  that  composes  them  is  noticeably  cold  to 
the  touch,  and  cools  down  the  air  of  the  drift.  Such  a  wet, 
cold  belt  of  rock  exists  on  the  eight  hundred  foot  level  of  the 
Justice  Mine,  and  there  is  a  very  decided  change  of  tempera- 
ture in  passing  from  one  side  of  it  to  the  other.  Lest  the  low 
temperature  of  this  spot  should  be  attributed  to  the  water 
which  drains  through  it  from  the  surface,  it  is  well  to  add  that 
water  drips  from  the  rock  in  numerous  places  in  these  as  in 
most  mines,  and  that  usually  it  is  hot,  or  at  least  warm. 

Other  cold  belts  are  found  in  the  mines  which  are  not  so 
cool  as  that  in  the  Justice,  but  are  perceptibly  cooler  than  the 
rock  at  a  short  distance  from  them.     They  complete  a  well- 
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linked  chain  of  heat  phenomena,  extending  from  rocks  that  are 
sensibly  cold  to  the  touch,  and  may  not  have  a  temperature 
above  50®  or  60®  P.,  through  rocks  that  have  the  average 
atmospheric  temperature,  and  those  which  are  as  hot  as  sur- 
face rocks  ever  become  in  Nevada,  to  those  w^ich  have  a  tem- 
perature of  157®  F.  There  is  no  reason  to  doubt  that  the 
gradation  is  quite  r^ular,  and  the  transition  from  the  lower 
to  the  higher  temperature  is  made  through  a  much  larger  series 
of  intermediate  steps  than  the  accidental  thermometer  readings 
taken  show. 

The  rock  is  usually  dry.  Wet  portions  exist,  but  these  are 
disposed  in  comparatively  narrow  bands  parallel  with  the  lode 
ana  separated  by  thick  masses  of  rock ;  the  lode  is  usually  per- 
fectly ary,  and  never  exhibits  more  than  the  average  leakage 
of  mines.  Wet  rock  is  the  exception,  and  dry  rock  the  rule, 
through  the  whole  lode.  In  the  drifts  cut  through  this  hot, 
dry  rock,  the  walls  of  the  freshly  exposed  surfaces  are  painful 
to  the  hand,  and  the  air  is  often  filled  with  dust  The  rock  is 
both  hard  and  tough,  but,  in  spite  of  its  strength,  it  gives  an 
impression  of  fine  porosity  to  the  touch,  due  probably  to  its 
trachytic  character.  It  often  has  the  odor  of  clay,  but  not 
always.  It  may  be  slightly  adherent,  or  the  impression  of 
dryness  upon  the  tongue  may  be  due  to  its  heat. 

The  plan  of  the  Yellow  Jacket  mine  is  simple  and  such  as  to 
eliminate  complications  from  the  single  problem  of  heat  absorp- 
tion by  moving  currents  of  air  from  rock  surfaces.  From  the 
1,531  level  two  parallel  winzes  are  sunk  on  the  lode,  inclining 
with  it  They  are  four  hundred  and  thirteen  feet  apart,  and 
connected  on  every  lower  level  by  the  main  north  and  south 
drift  The  Yellow  Jacket  is  a  downcast  mine,  and  the  air  cur- 
rent passes  down  the  vertical  shafl  to  the  1,119-foot  level, 
thence  down  the  incline  to  the  1,531  level,  through  a  drift  to 
the  south  winze,  and  thence  down  this  winze  to  the  2,200 
level,  the  bottom  of  the  mine.  On  its  way  from  the  1,531  it 
sends  a  current  through  the  1,732, 1,935  and  2,040  levels,  these 
carrents  being  reunited  in  the  north  winze,  which  is  the  upcast. 
The  north  winze  does  not  reach  to  the  surface,  and  no  air  rises 
'*to  day  "  in  the  mine,  the  entire  current  flowing  into  the  Im- 
perial and  Bullion  mines,  both  north  of  the  Yellow  Jacket,  and 
Doth  of  them  exclusively  upcast. 

Captain  Taylor  has  placed  Fahrenheit  thermometers  of  the 
common  kind,  with  japanned  tin  cases,  at  the  surface,  foot  of 
the  vertical  shaft  (1,11^  level),  1,732  south  and  north  winzes, 
1,985  north  winze,  and  2,040  south. and  north  winzes.  The 
south  winze  is  downcast,  and  the  thermometers  placed  here  on 
the  diflFerent  levels  measure  the  increase  of  heat  in  the  winze 
itself,  while  those  which  are  hung  at  the  north  winze  measure 
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the  increase  of  heat,  which  each  "split"  of  air  gains  in  mov- 
ing through  413  feet  of  drift,  that  being  the  distance  between 
the  winzes.  This  fortunate  arrangement  of  the  ventilating  cur- 
rents presents  the  most  favorable  opportunity  I  have  ever  ob- 
served for  studying  the  problems  involved.  The  thermometers 
should  be  replaced  with  standaixl  instruments,  and  the  air  cur- 
rent measured  twice  a  week  for  a  year,  in  each  drift.  The  result 
would  be  the  best  series  of  observations  obtainable,  probably 
in  any  American  mine,  for  the  comparative  shortness  of  the  paths 
followed  by  the  air,  when  contrasted  with  the  long  drifts  of  some 
coal  mines,  is  compensated  for  by  the  high  temperature  of  the 
rocks,  and  the  marked  increase  of  heat  in  the  air.  It  is  also 
extremely  rare  to  find  the  conditions  of  heat  absorption  so  little 
complicated  by  artificial  additions. 

The  air-current  entering  the  mine  July  2d,  1877,  was  meas- 
ured and  found  to  be  18,140  cubic  feet  On  the  1732  level  the 
** split"  or  secondary  air-current  was  found  to  contain  7200 
cubic  feet,  and  for  the  purpose  of  illustrating  the  steady  flow 
of  heat  from  the  rock,  we  may  reasonably  assume  that  18,000 
cubic  feet  of  air  enter  the  mine  every  minute,  and  that  this 
current  is  divided  into  three  splits  of  6000  cubic  feet  each, 
which  pass  from  the  south  winze  413  feet  to  the  north  winze, 
on  each  of  the  three  levels,  1732,  1935,  and  2040.  The  sec- 
ond of  these  is  out  of  consideration,  from  the  fact  that  there  is 
only  one  thermometer  on  it,  so  that  no  comparison  of  the 
initial  and  final  temperatures  can  be  made. 

The  following  tables  contain  a  summary  of  all  the  observa- 
tions which  I  have  been  able  to  obtain.  The  record  is  imper- 
fect on  account  of  the  destruction  of  some  tally  boards,  and 
this  has  compelled  me  to  omit  some  records  that  are  preserved, 
because  the  corresponding  observations  in  the  same  drift  are 
wanting.  Where  the  omission  takes  place,  the  figures  are 
included  in  brackets.  The  figures  given  are  monthly  averages, 
and  the  final  averages  refer  only  to  numbers  not  in  brackets. 

Only  the  observations  on  the  1732  and  2040  foot  levels  will 
be  made  use  of,  as  these  are  the  only  ones  where  a  horizontal 
air  current  has  its  temperature  measured  at  two  points  in  its 

f)ath.  Omitting  November  from  the  period  of  the  1700  foot 
evel  and  December  from  that  of  the  2040  foot  level,  we  have 
for  the  average  of  nine  months'  observations  a  difference  of 
temperature  between  the  south  and  north  winzes  amounting  to 

1732  foot  level  (89-39° -78-06°)  11-33°  F. 

2040    "        "  (92-30° -86-35°)  6-96*  F. 

This  difference  represents  the  heat  which  the  air  current  has 
absorbed  in  passing  a  distance  of  413  feet  on  these  levels.  In 
ray  report  made  to  Lieutenant  Wheeler,  and  also  in  a  paper  on 
this  subject  presented  to  the  American  Institute  of  Mining 
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Engineers,  these  quantities  are  given  as  10*56°  F.  and  7*87°  F., 
the  diflTerence  being  due  to  the  fact  that  they  were  the  average 
of  seven  instead  of  nine  months'  observations. 


YdUno  Jacket  Mine. — Morning  Temperatwe,  6  a.  ic. 

BorftMse. 

1119  feet. 

ITBS  feet. 

1900  feet. 

8040. 

8.  Winxe. 

N.  Winxe. 

N.  Winxe. 

8.  Winxe. 

N.Wlnxe. 

December,  1876, 

59-27° 

80-23'* 

9299** 

Janoaiy,    1877, 

52-55 

73-42 

86-90 

85-35° 

93-22* 

February,     "     

49-75 

76-99 

83-71 

86-59 

93-99 

March,          "     .... 

53-81 

78-13 

89-20 

90-29° 

83-68 

94-99 

April,            •'     .... 

49-87 

77-40 

88-13 

89-97 

85-90 

93-77 

May,             "     .... 

(44-48'') 

63-77 

83-42 

90-45 

90-99 

83-39 

93-61 

June,            "     

56-07 

57-40 

79-39 

91-47 

93-27 

88-26 

93-63 

July,             "     .... 

(84-00) 

94-07 

August,        "     

(83-23) 

94-50 

September,   "    

56-67 

60*80 

81-86 

91-67 

96-60 

88-37 

92-13 

October,        "    

4610 

66-13 

73-65 

90-44 

92-07 

83-23 

88-36 

KoTember,    "     

39-90 

(76-53) 

88-50 

81-27 

87-23 

December,     "     

36-84 

January,    1878, 

33-39 

February,     "     

33-93 

March,          *•    

39-84 

April,            *'     .... 

42-37 

May,             *•     .... 

5110 

A veracre. .....--_. . 

43-52 
10  mo's. 

54-71 
9  mo*s. 

78-28 
9  mo*s. 

89-48 
9  mo's. 

92-25 
9  mo's. 

86-11 
9  mo's. 

92-33 

Thne  taken, 

9  mo*s. 

TeUow  Jacket  Mine.— Evening  Temperatures^  6  p.  x. 

Surface. 

1119  feet. 

1792  feet. 

19S2  feet. 

9040  feet. 

8.  Winxe. 

^.  Winxe. 

K.  Winxe. 

8.  Winxe. 

N.Wlnxe. 

December, 

1876,.... 

59-20° 

80-84^ 

90-92° 

January, 

1877,.... 

50-77 

77-82 

86-10 

83-23° 

93-36* 

February, 

<i 

76-71 

84-03 

86-82 

93-43 

March, 

it 

55-52 

74-07 

88-58 

90-29° 

86-68 

95-00 

April, 

u 

62-83 

77-57 

88-33 

89-93 

85-87 

93-80 

May, 

It 

70-47' 

61-50 

79-42 

91-77 

93-03 

87-16 

93-48 

June, 

1. 

•    •  •  * 

70-33 

61-50 

79-40 

91-77 

9303 

88-20 

93-73 

July, 

u 

(84-16) 

94-29 

August, 

l» 

(83-42) 

94-29 

September, 

(t 

6913 

62-76 

81-82 

9111 

96-67 

87-90 

92-00 

October, 

ti 

64-55 

57-30 

72-99 

91-00 

92-10 

83-32 

88-58 

November, 

11 

46-43 

(77-40) 

89-50 

81-13 

87-23 

December, 

11 

39-58 

January, 

1878, 

38-84 

February, 

11 

37-61 

March, 

(( 

44-87 

April, 

II 

52-37 

May, 

(( 

60-77 
5309 

AYeraire. .... 

57-67 

77-85 

89-30 

92-57 

85-60 

92-28 

Time  taken, 

11  mo's. 

8  mo's. 

9  mo's. 

9  mo's. 

9  mo's. 

9  mo's. 

9  mo's. 

Average, 

morning 

and  evening, 

48-30 

56-19 

78-06 

89-39 

92-41 

85-35 

92-30 
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The  1782  level  affords  us  the  best  evidence  that  the  inces- 
sant drain  of  heat  cannot  be  maintained  by  supply  from  a  store 
accumulated  in  the  rock.  This  drift  was  prooably  completed 
by  January  1, 1876,  or  perhaps  some  months  earlier.  It  has  been 
constantly  in  use  as  an  air  way,  but  after  this  long  exposure  no 
diminution  in  its  heating  power  has  been  noticed.  It  has  lost 
the  intense  heat  it  had  when  first  opened,  but  remains  at  an 
average  temperature  of  about  90*^  F. 

In  other  respects  I  have  not  observed  any  circumstances 
which  throw  serious  doubt  upon  the  thermometer  readings. 
The  instruments  are  not  standards,  it  is  true,  but  they  are  prop- 
erly hung  on  timbers,  and  usually  with  ten  or  twelve  inches  of 
wood  or  air  between  them  and  the  rock  surface.  Whenever 
compared  with  one  of  the  survey  thermometers,  hung  in  the 
center  of  the  moving  air-current,  they  have  not  shown  a  varia- 
tion of  more  than  one  degree.  The  daily  readings  are  quite 
uniform,  the  fluctuations  of  more  than  one  degree  not  exceed- 
ing twenty-three  in  a  series  of  about  360  observations.  The 
highest  fluctuation  noticed  is  three  degrees. 


Art.  XXXVI. —  United  States  Geological  Survey  of  the  Fortieth 
Parallel  Vol.  I.  Systematic  Geology  ;  by  CLARENCE  KiNQ. 
Eeviewed  by  Eaphael  Pumpelly. 

The  February  number  of  this  Journal  contained,  in  the 
form  of  citations,  a  summary  of  the  results  of  the  Fortieth  Par- 
allel Survey  in  the  department  of  Stratigraphical  Geology. 
The  object  of  the  present  paper  is  to  present  a  general  review 
of  the  more  noteworthy  results  and  generalizations,  in  the  other 
departments. 

Quatei-nary  Period. — The  Quaternary  period  of  the  Cordille- 
ras was  contemporaneous  with  the  Glacial  and  Drift  period  of 
the  East  and  of  Europe.  Its  record  differs,  however,  in  that 
no  continental  glacier  ever  invaded  the  Cordillera  r^ion  to 
leave,  after  melting,  its  immense  load  of  ground-moraine.  The 
climatic  conditions  which  caused  the  extension  of  the  Scandi- 
navian ice-cap  over  Northern  Europe  and  of  the  Greenland  ice- 
cap over  Northeastern  America  produced  indeed  vast  systems 
of  glaciers  in  the  Cordilleras,  but  they  were  Alpine  ice-streams 
and  as  such  were  localized  around  the  numerous  lofty  condens- 
ing centers  and  accompanied  by  the  phenomena  peculiar  to 
this  form  of  glaciers. 

At  the  east  the  floods  of  the  Champlain  epoch,  proceeding 
from  the  melting  ice,  covered  the  gently  graded  surface  with 
detritus  from  the  ground-moraine;  but  the  rapid  fall  of  the 
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Cordillera  streams  permitted  the  Glacial  floods  to  form  torrents 
which,  aided  by  the  suspended  material,  cut  deep  cafions  and 
spread  the  debris  in  enormous  quantities  over  the  margins  of 
the  plains  at  the  mouths  of  the  mountain  valley&  An 
immense  amount  of  erosion  was  accomplished  during  the  Gla- 
cial epoch  and  there  is  evidence,  to  be  given  below,  that  it  was 
done  during  two  periods  of  glacier  extension  in  the  Quaternary ; 
during  the  first  and  greater  the  floods  cut  the  deep  V-shaped 
cafions,  and  during  the  second  the  glaciers  transiormed  the 
upper  part  of  these  into  U-shaped  cafions,  and  we  may  add  that 
the  second  floods  deepened  the  V  cafions  below  the  foot  of  the 
glacier. 

The  Great  Plains  are  underlaid  by  beds  which  were  depos- 
ited in  a  great  fresh-water  lake.  In  the  southeast  these  beds 
dip  under  the  Gulf  of  Mexico,  while  near  the  Rocky  Moun- 
tams  they  are  7,000  feet  above  the  Ocean.  It  is  therefore  evi- 
dent that  they  have  been  lilted,  for  otherwise  we  should  have 
to  suppose  that  there  existed  a  lake  whose  surface  was  7,000 
feet  aoove  the  sea,  and  for  which  there  was  no  eastern  enclos- 
ing wall  Both  General  G.  K.  Warren  and  Mr.  King  have 
shown  that  after  the  Pliocene  such  a  tilting  really  took  place, 
so  that  during  Quaternary  time  this  declivity  had,  as  now,  free 
drainage  to  the  Ocean,  and  was  traversed  by  the  rivers  flooded 
from  the  glaciers. 

In  the  Great  Basin  the  Pliocene — Shoshone — lake  was  dis- 
turbed but  not  drained  off.  Its  eastern  and  western  edges  were 
depressed  1,500  to  2,000  feet,  producing  two  basins  which  were 
occupied  by  two  Quaternary  lakes.  The  eastern  one  (of  which 
Great  Salt  Lake  is  the  remnant),  extending  over  2^  degrees  of 
longitude  and  3  degrees  of  latitude,  has  been  nam^  Lake 
Bonneville,  by  Mr.  G.  K.  Gilbert.  The  western  body  of  water, 
called  by  King,  Lake  Lahontan,  occupied  about  the  same  abso- 
lute range  in  latitude,  with  about  the  same  width. 

Mr.  King  infers  that  the  Pliocene  lakes  were  nearly  or  quite 
dried  up  before  the  Quaternary,  because:  1,  while  the  beds  con- 
tain remnants  of  only  a  purely  fresh-water  fauna,  the  upper 
strata  sometimes  contain  deposits  of  alkaline  sulphates  and 
chlorides,  that  could  form  in  a  fresh-water  sea  only  after  a  nearly 
complete  evaporation  ;  2,  the  oldest  Quaternary  deposits  on  the 
sides  of  the  extinct  lake  basins  are  subaerial  gravels,  which 
were  swept  by  hill-wash  and  river-floods  far  out  from  the  parent 
mountains.  During  their  prime,  these  inland  fresh-water  seas 
were  filled  to  their  outlets.  Lake  Bonneville,  over  1,000  feet 
deep,  drained  through  Bed  Bock  Pass  into  the  Snake  and 
Columbia  Rivers.  The  outlet  of  Lake  Lahontan  may  have 
been  southward,  and  the  lake  must  have  been  over  500  feet 
deep. 
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From  the  fact  that  the  sediments  of  these  lakes  are  under- 
laid and  overlaid  by  subaerial  gravels,  both  King  and  Gilbert 
infer  that  there  was  a  very  wet  period  between  two  dry  peri- 
ods. But  our  author  goes  much  further,  and  from  the  results 
of  a  study  of  the  chemistry  of  the  waters,  as  expressed  in  the 
soluble  contents  of  the  remaining  lakes,  and  in  the  natural 
evaporation  products,  constructs  an  ingenious  and  it  would 
seem  a  well-founded  hypothetical  climatic  history  of  the  Qua- 
ternary period.  The  argument  may  be  briefly  outlined.  The 
now  dry  shores  of  the  ancient  Lake  Lahontan  are  in  many 
places  covered,  sometimes  twenty  to  sixty  feet  deep,  with  a 
tufaceous  deposit,  which  is  often  distinctly  crystallized  and  then 
shows  the  very  characteristic  forms  of  gaylussite — a  hydrated 
carbonate  of  soda  and  lime.  But  chemical  analyses  show 
that  the  soda  and  water  are  gone,  and  that  the  mineral  is  now 
calcite — only  the  external  form  being  that  of  gaylussita  In 
short,  we  have  here  an  instance  of  pseudomorphism  on  a  large 
scale.  This  pseudomorphous  material  King  calls  Thinoliie, 
Near  Ragtown,  Nevada,  in  a  lake  which  is  one  of  the  remnants 
of  Lahontan,  and  which  is  presumably  fed  by  spring  the 
forming  of  gaylussite  can  now  be  seen  in  operation.  It  is  a 
dense  water  very  rich  in  soda  carbonate,  and  when  the  lake 
shrinks  during  the  dry  season,  gaylussite  crystals  are  deposited 
on  the  beach  and  on  floating  organic  substancea  Both  the 
facts  at  this  lake  and  Fritsche's  experiments  show  that  gaylus- 
site can  form  only  in  the  presence  of  a  large  excess  of  carbon- 
ate of  soda.  When  the  saline  water  of  this  lake  is  diluted  dur- 
ing the  wet  season,  the  gaylussite  is  dissolved  again. 

The  thinolite  tufa  occurs  up  to  an  altitude  of  470  feet  above 
Pyramid  Lake,  or  within  thirty  feet  of  the  highest  known  level 
of  the  extinct  Lahontan  Lake.  The  inference  from  this  is  that 
the  lake  must  have  been  long  exposed,  without  an  outlet,  to 
concentration  by  evaporation,  and  perhaps  by  contributions 
from  alkaline  springs,  in  order  to  deposit  gaylussite  at  such  an 
altitude ;  and,  in  order  to  have  formed  the  vast  deposits  of  tufa 
— originally  gaylussite — the  lake  must  have  almost  wholly 
evaporated.  Now  the  evaporation  of  a  sea,  which,  with  a  depth 
of  470  feet,  was  sufiiciently  saline  to  deposit  gaylussite,  would 
leave  its  residuary  lakes  in  the  condition  of  saturated  solutions; 
but  the  fact  is  that  the  larger  relics  of  Lahontan,  viz:  Pyramid 
and  Winnemucca  Lakes  are  sufficiently  fresh  to  support 
numerous  fishes,  including  one  or  two  of  the  Sabnonidce.  It  is 
evident,  therefore,  that  the  residuary  water  of  the  evaporation 
of  Lahontan,  that  produced  these  tut'as,  must  have  wholly  dis- 
appeared. This  could  only  take  place  by  the  basin  fllling  to 
its  outlet  and  remaining  at  that  altitude  long  enough  for  its 
dissolved   salts   to   drain   off  and    for   the  water   to   become 
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thoroug^bly.  freshened,  after  which  a  rapid  evaporation  brought 
about  the  present  condition  of  things. 

This  argument  places  before  us  what  seems  unimpeachable 
evidence  of  the  existence  of  two  periods  of  great  humidity  and 
three  of  desiccation.  These  several  periods  King  correlates  as 
follows :  the  first  dry  period  was  at  the  close  of  the  Pliocene ; 
the  two  wet  periods  correspond  to  the  two  phases  of  maximum 
extension  of  the  glaciers  and  were  contemporaneous  with  the 
great  ice  epoch  and  the  Reindeer  ice  epoch  of  Europe;  the 
intermediate  dry  period  corresponds  with  Newberry^s  Forest- 
bed  horizon ;  and  the  last  dry  period  still  continues.'' 

During  the  intermediate  dry  time  there  was  probably  less 
vegetation  even  than  now  in  the  Cordilleras  and  on  the  Great 
Plains,  and  it  was  probably  then,  that  the  greater  portion  of 
the  loess  of  the  Missouri  and  Mississippi  valleys  was  transported 
to  its  present  position  by  the  west  winds  as  the  present  writer 
has  shown  elsewhere. 

The  well  known  fact  that  the  surface  of  Great  Salt  Lake  is 
rising — it  has  risen  11  feet  since  1867 — has  been  generally 
ascribed  to  the  cultivation  of  the  surrounding  region.  Mr. 
King  shows  this  to  be  a  wrong  inference,  for  a  similar  increase 
has  aflfected  all  the  lakes  of  the  Great  Basin.  He  shows  partly 
from  observations  connected  with  the  growth  of  trees  on  the 
Sierra,  that  this  is  due  to  a  climatic  oscillation  that  began  about 
1860  and  which  was  the  first  of  its  kind  and  extent  that  has 
occurred  within  at  least  250  years.  This  question  of  oscillation 
of  climate  is  full  of  importance  to  the  populations  that  are 
pouring  into  the  regions  of  the  Great  Plains  during  the  present 
moist  extreme. 

Origin  of  crystalline  schists  and  granite. — Some  space  is  de- 
voted in  this  volume  to  the  presentation  of  original  hypotheses 
explaining  the  origin  of  crystalline  schists  and  granitic  rocks, 
of  fusion  in  the  interior  of  the  globe,  and  the  cause  of  varieties 
in  volcanic  rocks  and  the  law  of  succession  in  eruptions. 

Mr.  King  sees  in  the  crystalline  schists  beds  of  sedimentary 
material  in  which  the  change  that  has  taken  place  has  been 
confined  to  a  re-arrangement  of  the  constituents  and  the  oblit- 
eration of  the  interstitial  spaces  between  the  detrital  particles. 
Thus  purely  silicious  beds  remain  as  (juartzites,  lime  beds  as 
marble,  and  mixed  sediments  as  the  vanous  compound  crystal- 
line schists.  The  sediments  were  penetrated  with  the  original 
saline  solutions  of  the  sea  and  the  metamorphism  was  eff'ected 
under  great  pressure  and  moderate  heat  but  in  the  absence  of 
fusion.  This  is  proved  by  the  total  absence  of  the  microscopic 
glass-particles  that  all  volcanic  rocks  show,  and  by  the  abund- 
ance of  cavities  containing  fluids  and  salts  that  the  microscope 
reveals  in  almost  all  metamorphic  rocks.     There  was  no  fusion, 
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although  it  is  possible  that  the  temperature  of  fusion  existed 
but  was  prevented  by  the  counteracting  pressure  from  produc- 
ing liquefaction.     The  hypothesis  is  summarized  thus: 

Conditions  of  meiamorphism.—l.  There  is  a  horizon  below 
the  surface,  at  a  depth  which  increases  with  the  secular  cooling 
of  the  globe,  at  wnich  the  heat  and  pressure  are  sufficient  to 
produce  the  chemical  activity  needed  to  eflFect  metamorphism. 
2.  This  horizon  sinks  deeper  with  the  secular  cooling.  3.  So 
long  as  this  horizon  is  within  the  depth  to  which  sediments  are 
brought  down  by  displacement  of  the  crust  and  subsidence,  so 
long  will  (frystalline  schists  be  produced.  4  When  by  secular 
cooling  the  horizon  of  requisite  temperature  shall  have  sunk 
below  the  possible  levels  to  which  sediments  can  be  depressed, 
then  forever  afterward  the  formation  of  crystalline  schists  is 
ended  in  that  segment  of  the  crust 

Out  of  gneisses  thus  formed,  Mr.  King  derives  the  structure- 
less granitic  rocks  by  the  action  of  tangential  pressure.  During 
the  horizontal  compression  due  to  the  shrinkage  of  the  globe, 
there  acts  also  gravitation.  Now  when  the  tangential  was  slight 
compared  with  the  down-pressing  action  of  gravitation  the 
schists  were  simply  corrugated  ;  but  when  the  tangential  was 
largely  in  excess,  then  the  structure  of  the  schists  was  destroyed 
and  the  constituent  minerals  were  to  a  great  extent  broken  op. 
This  is  supposed  to  account  for  the  granitic  rocks  and  all  the 
transitional  forms  between  these  and  the  corresponding 
gneissoidal  varieties. 

Oenesis  and  Classijicaiion  of  volcanic  rocks, — In  regard  to  the 
origin  of  volcanic  rocks,  Mr.  King  argues  as  follows:  The 
temperature  of  the  earth  increases  from  the  surface  downward; 
and  owing  to  the  rapid  conduction  in  the  outer  part  of  the 
crust,  the  rate  of  increase  is  very  rapid  at  first  and  then  very 
slow.  Pressure  also  increases  from  the  surface  downward, 
but,  owing  to  the  increase  in  density,  the  rate  of  increase  is 
smallest  near  the  surface  and  more  rapid  in  depth.  Now  the 
action  of  pressure  is  directly  antagonistic  to  fusion — increase 
of  pressure  raising  the  melting  point.  It  is  therefore  evident 
that  a  comparison  of  the  strength  of  these  two  forces — for  and 
against  fusion — will  show  that  the  resistance  offered  by  pres- 
sure to  fusion  will  be  least  at  the  point  of  maximum  rate  of 
increase  of  temperature,  and  that  from  that  point  down  the 
more  rapid  rate  of  increase  of  pressure  than  of  temperature, 
renders  fusion  more  and  more  impossible.  The  position  of 
this  point,  or  couche,  in  which  pressure  offera  least  resistance  to 
fusion  must  be  near  the  surface.  The  observed  rate  of  increase 
would  indicate  that  at  a  depth  of  about  fifty  miles  the  tempera- 
ture would  produce  fusion  of  rock  if  not  prevented  by  the 
pressure.     Now  if  by  removal  of  the  superincumbent  material 
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the  pressure  on  any  given  point  is  diminished  at  a  more  rapid 
rate  than  that  of  the  cooling  of  the  couches  below,  and  if  this 
removal  of  pressure  proceed  far  enough,  fusion  must  take 
place;  and,  bein^  localized,  it  will  form  subterranean  lakes  of 
molten  rock.  This  eouche  of  possible  fusion,  like  all  the  iso- 
thermal and  isobaric  couchesj  must  be  parallel  to  the  surface 
and  must  rise  in  ridge-form  under  mountain  ranges.  j\nd  it  is 
in  the  active  erosion  that  takes  place  in  mountains  that  Mr. 
King  finds  the  means  of  diminishing  the  pressure.  One  of  the 
first  objections,  that  would  be  advanced  to  this,  would  be  that 
erosion  does  not  act  with  sufficient  rapidity.  But  our  author 
would  probably  point,  and  with  reason,  to  the  vast  accumula- 
tions of  detrital  sediment — thousands  of  feet  thick  and  cover- 
ing hundreds  or  thousands  of  square  miles — which  have 
formed  during  sin£;le  geological  epochs.  During  the  Cretaceous 
there  accumulated  from  one  to  one  and  one-half  miles  in  thick- 
ness of  detrital  sediment  which  probably  occupies  now  a 
larger  area  than  that  from  which  it  was  eroded,  and  the  follow- 
ing Elocene  and  Miocene  epochs  witnessed  the  enormous  out- 
pourings of  lava. 

In  these  subterranean  lakes  of  fused  rock,  are  differentiated 
the  varieties  of  volcanic  rocks.  Baron  Bichthofen,  after  a 
critical  study  of  volcanic  products  in  Europe,  Asia,  California 
and  Nevada,  proposed  a  classification  of  them  into  propylite, 
andesite,  trachyte,  rhyolite  and  basalt,  and  stated  that  wherever 
several  of  them  occurred  in  one  district  the  chronoloq:ical 
order  of  their  eruption  was  that  in  which  we  have  named  them. 
This  generalization  has  been  amply  corroborated  by  the  40th 
Parallel  Survey  and  extended.  For  Mr.  King  finds  that  there 
is  a  sufficient  persistence  of  occurrence  among  the  sub-varieties 
to  justify  the  subdivision  of  each  of  Bichthofen's  "orders" 
into  an  acid,  a  mean  and  a  basic  variety  (or  species)  as,  for 
instance,  quartz-propylite,  hornblende-propylite,  augite-propy- 
lite,  quartz-trachyte,  mica-trachyte,  augite-trachyte,  etc.  He 
goes  further,  and  brings  rhyolite  and  basalt  together  as  the  acid 
and  basic  extremes  of  a  new  order,  "  neolite." 

Now  the  observations  of  his  survey  show  that  there  is  a 
regular  order  of  succession  in  the  eruption  of  sub-varieties: 
that  when  all  the  varieties  of  an  order  appear,  the  mean  was 
ejected  first,  then  the  acid,  and  last  of  all  the  basic.  Tliis 
sequence  is  explained  thus :  Fusion,  bein<]r  a  function  of  ero- 
sion, is  ephemeral,  the  duration  of  fluidity  being  limited  by  the 
sinking  of  the  isotherms.  Each  molten  lake  must  therefore 
pass  through  a  series  of  phases  which  may  be  stated  as  follows: 
1st,  fusion;  2d,  crystallization  of  constituent  minerals;  3d, 
separation,  by  specific  gravity,  into  a  basic,  lower  eouche  and 
an  acid,  upper  eouche  ;  4th,  re-solidification  by  the  reestablish- 
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ment  of  the  ante-fusion  relation  between  pressure  and  tem- 
perature. 

Now  if  eruption  takes  place  before  the  separation,  the  lava 
will  have  a  ODiean  cooDiposition ;  as  separation  takes  place  the 
uppermost,  or  acid,  layer  is  ejected ;  finally  the  acid  couche 
cools  first  on  account  of  its  higher  melting  point  and  higher 

f position,  and  eruption  at  this  period  forces  up  the  basic  lava 
rom  the  couche.  This  is  the  sequence  for  King's  subdivisions 
of  the  difierent  genera ;  the  observed  sequence  of  the  genera 
themselves,  i.  e.  of  Richthofen's  orders,  ne  explains  by  sup- 
posing them — if  we  understand  him  rightly — to  represent,  from 
§  ropy  lite  to  neolite,  each  a  lower  horizon,  the  depths  being 
etermined  by  the  time-intervals;  and  the  differences  in  char- 
acter and  mean  constitution  being  expressions  of  the  varying 
of  the  conditions  at  increasing  deptha 

The  argument  of  which  this  sketch  gives  only  the  salient 
points  is  undoubtedly,  in  the  writer's  opinion,  the  most  con- 
sistent hypothesis — the  nearest  approach  to  a  satisfactory  theory 
— that  has  been  thus  far  advanced  to  explain  the  complicated 
system  of  related  phenomena  under  consideration. 

Mountain-building, — In  the  last  chapter  there  is  a  review  of 
the  conspicuous  disturbances  of  the  crust,  showing  that  from 
the  Laurentian  to  the  Quaternary  there  have  been,  within  the 
area  of  the  Survey,  thirteen  periods  of  mountain-building 
activity.  "In  this  complicated  history  ....  have  occurred 
both  upheaval  and  subsiaence  as  related  to  the  sea-level ;  plica- 
tion, always  greatest  at  the  western  edge  of  the  disturbed  area: 
the  formation  of  folds  forty  thousand  feet  from  summit  to  base; 
the  development  of  faults  with  at  least  fortj  thousand  feet  of 
dislocation ;  the  tilting  of  horizontal  regions  into  broad  inclined 
planes  without  disturbance,  and  the  division,  by  complicated 
fault-systems,  of  wide  areas  into  numerous  separate  blocks,  of 
which  some  are  depressed  below  the  level  oi  their  adjacent 
companion  blocks."  "It  is  also  a  general  law  that  those  re- 
gions which  experience  elevation  without  local  disturbance  are 
the  regions  of  relatively  thin  sediment  superposed  on  a  com- 
paratively unaccidented  Archaean  foundation,  whereas  those 
which  suffer  the  extremest  plication  are  covered  by  the  thick- 
est deposits  overlying  and  adjacent  to  the  greatest  Archaean 
Mountain  ranges."  The  instances  of  paroxysmal  depression 
are  found  to  have  affected  areas  immediately  afler  the  removal 
from  them  of  immense  thicknes;?es  of  material :  while  the  in- 
stances of  gradual  depression  occur  over  areas  that  were  being 
very  heavily  loaded  with  sediment 
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Art.  XXXVII. — On  a  Method  of  Estimating  the  Thickness  of 
Young^s  EeversMg  Layer  ;  by  W.  H.  Pulsiper. 

A  PART  of  my  duties,  as  a  member  of  the  Fort  Worth  Eclipse 
party,  consisted  of  the  spectroscopic  observation  of  the  con- 
tacts. I  used  a  telespectroscope  combining  a  four-inch  Clark 
telescope  of  four  feet  ten  inches  focal  length,  and  a  ten-prism 
Browning  solar  spectroscope.  The  field  included  the  lines 
between  W.  L.  6600  and  6300. 

At  second  contact  I  observed  the  reversal  of  the  Fraunhofer 
lines,  and  was  surprised  to  find  the  reversed  lines  shortened  at 
each  end,  and  occupying  but  about  one-third  of  the  width  of 
the  spectrum,  while  the  C  line  was  not  shortened  and  remained 
in  view  after  the  other  lines  had  disappeared.  At  the  moment 
no  explanation  of  the  phenomenon  presented  itself,  but  after- 
ward it  occurred  to  me  that  it  was  occasioned  by  the  extension 
of  the  slit  of  my  spectroscope  beyond  the  reversion  layer  on 
each  side,  and  that  a  measurement  of  the  image  of  the  sun 
formed  on  the  slit,  and  of  the  length  of  the  slit  itself,  would 
enable  me  to  estimate  the  thickness  of  the  reversing  layer. 
Careful  measurement  showed  the  diameter  of  the  sun's  image 
on  the  slit  to  be  0-54*"-,  and  the  length  of  the  slit  O'OS*"-. 

In  the  diagram,  C  represents  the  chromosphere,  R  the  revers- 
ing layer,  S  the  slit,  a  b  c  the  shortened  lines,  and  d  b  the 


radius  of  the  sun.  The  difference  in  the  length  of  the  lines 
db  and  d  c  represents  the  minimum  thickness  of  the  layer,  as 
indicated  by  the  reversed  lines  observed.  Assuming  the  sun^s 
diameter  to  be  860,000  miles,  and  accepting  the  measurement 
of  the  sun's  image  and  of  the  slit,  and  the  statement  that  the 
reversed  lines  occupied  but  one-third  of  the  width  of  the  spec- 
trum, the  difference  in  the  length  of  the  lines  d  b  and  dc  is 
found  to  be  524  miles. 
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Art.  XXXVni. — The  Lower  Jaw  of  Loxohphodon  ;*  by  HsNBT 
F.  OsBORN  and  Francis  Spkir,  f  r.     With  a  Plate. 

LiiTLE  has  been  known  hitherto  of  the  real  character  of  the 
lower  jaw  of  Loxolophodon,  a  genus  which  together  with  TJin- 
tatlierium  forms  at  present  the  Sub-order  Dinocerata.  To  the 
literature  which  has  appeared  upon  the  lower  jaw  of  the  Dino- 
cerata, Professor  Marsh  has  contributed  in  this  Journal  (III, 
vol.  xi,  page  163),  a  description  of  a  specimen  of  Uintatherium 
{Dinoceras)  laticeps  lacking  only  the  canine-incisor  series,  and 
it  is  safe  to  say  that  the  general  characters  of  this  jaw  are  also 
applicable  to  all  the  known  species  of  [Jintatherium  ;  Professor 
C/ope  (Proc.  Anu  Phil.  Soc,  Feb.  21,  1878)  has  given  a  partial 
description  of  the  lower  jaw  of  Loxolophodon  from  fragments 
which  were  wanting  in  the  most  essential  features,  leaving  a 
wide  gap  in  our  knowledge  of  this  important  genus. 

The  following  description  is  based  upon  specimens  collected 
in  the  South  Bitter  Creek  country  of  Wyoming,  about  fifteen 
miles  south  of  Laclede,  a  station  on  the  old  overland  road. 
The  horizon  is  considered  by  King,  Cope  and  Hayden  as 
belonging  to  the  Bridger  Series,  which  here  overlies  conform- 
ably the  Vermillion  Creek  group.  The  material  comprises  two 
jaws,  the  first  found  with  a  large  canine-tusk  belongs,  without 
doubt,  to  L  cornulus ;  the  second  is  smaller,  possibly  of  a 
female  of  the  same  species ;  together  they  give  basis  for  a  com- 
plete study,  save  of  the  coronoid  process  which  is  lost  in  both. 
The  accompanying  plate  figures  the  former  specimen,  the 
incisor-canine  series  have  been  placed  in  position  from  the  lat- 
ter specimen,  in  which  the  alveoli  are  preserved. 

General  character  of  Vie  jaw, — One  oi  the  most  surprising  fea- 
tures of  the  Dinocerata  is  the  disparity  existing  between  the 
size  and  strength  of  the  lower  jaw,  and  the  large  and  formida- 
ble head.  This  is  even  more  marked  in  Loxolophodon  than  in 
Uintatherium,  for  in  general  contour  the  lower  jaw  is  neither 
long  nor  deep.  In  L.  corniUus,  the  species  in  hand,  it  extends 
from  the  well-advanced  glenoid  cavity  barely  to  the  tips  of  the 
slender  premaxillaries,  where  it  is  wholly  overhung  by  the 
broad  and  projecting  nasals,  giving  it  at  once  an  undersized 
appearance.  The  rami  are  shallow  and  of  equal  depth  through- 
out ;  forward  they  are  wholly  in  the  vertical  plane,  but  behind 
the  molar  series  they  diverge  considerably  below.  The  angle 
of  the  ramus  is  not  prominent;  nearly  in  a  vertical  line  above 
this  is  the  condyle.     The  symphysis  is  long  and  narrow.     The 

*  This  article  is  the  first  of  the  second  series  of  Palcontological  Balletios  upoi 
the  Eocene  fauna  of  Wyoming,  to  be  issued  from  the  £.  M.  Musoum  of  Prinoe- 
ton  College. 
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downward  processes  below  the  canine-molar  diastema  are  not 
strongly  marked.    The  molar  series  are  nearly  parallel 

Detailed  description. — The  ramus  swells  for  the  coronoid  pro- 
cess close  to  the  lower  border,  and  immediately  in  front  of  the 
rise  is  the  nearly  straight  molar  series.  The  coronoid  rises  well 
up  into  the  temporal  fossa,  judging  from  its  gretit  thickness 
below.  Slightly  above  the  plane  of  the  molar  series  are  the 
condyles;  they  are  small,  decidedly  convex,  directed  back- 
ward and  slightly  upward  with  their  transverse  axes  converg- 
ing. Below  these  the  posterior  border  narrows  and  is  concave, 
thickening  again  into  the  rough  rounded  angle  which  projects 
slightly  back  of  the  condyles.  The  smooth  lower  bonier  is 
nearly  straight  from  the  angle  to  below  the  first  premolar,  arch- 
ing but  slightly  downward ;  here  it  both  broadens  and  deepens 
and  interjorly  forms  a  slightly  concave  surface  extenaing 
toward  the  symphysis,  exteriorly  it  has  a  process  homologous 
to  the  pendant  process  in  Uintatherium.  This  arches  gently 
downward  and  outward,  at  an  angle  probably  coincident  with 
the  projection  of  the  superior  canines ;  when  the  jaws  are  in 
position  it  falls  not  half  an  inch  below  the  deepest  portion  of  the 
rami.  The  downward  processes  in  Loxolophodon  are  then  by 
no  means  a  distinctive  feature  of  the  jaw ;  on  the  contrary  when 
compared  with  U.  {D.)  laticepsj  or  when  placed  side  by  side  with 
the  robust  process  of  the  lower  jaw  of  U.  Leidianum  in  the  K 
M.  Museum,  they  show  a  disparity  in  size,  that  seems  unac- 
countable in  genera  so  closely  allied. 

The  dental  foramen  is  large  and  is  situated  on  a  line  with 
the  molar  series.  The  mental  foramen  is  double  and  placed 
just  beneath  the  canina 

At  the  chin  we  find  the  most  peculiar  modification  of  the 
jaw.  The  processes,  as  seen  from  below,  have  a  more  outward 
than  downward  direction,  forming  at  the  posterior  half  of  the 
symphysis  a  broad,  slightly  concave  floor,  about  six  inches  in 
width ;  below  the  lateral  incisor  they  disappear,  and  the  chin 
narrows  into  a  prow-shaped  keel.  The  inner  margin  of  the 
canine-incisor  alveolus  is  well  raised,  giving  the  series  the  ap- 
pearance of  being  placed  on  the  side  of  the  jaw.  The  alveolus 
is  highest  at  the  canine,  and  dips  downward  in  front;  this 
would  throw  the  teeth  greatly  out  of  the  horizontal  line,  were 
it  not  that  the  dental  series  increase  rapidly  in  size  forward. 
The  teeth  are  arranged  not  in  a  semicircle,  but  in  converging 
lines  two  and  a  half  inches  apart  at  the  canine  and  in  contact 
at  the  median  incisor;  thus  tne  chin  is  contracted  towards  its 
extremity  above  as  well  as  below.  Between  the  dental  series 
in  front  and  the  high  thin  borders  of  the  diastema  behind  is 
the  deeply  concave  floor  of  the  mouth. 
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Measurements  of  (he  lower  jaut. 

Extreme  length  from  infra-condylar  depression  to  symphysis  *295 

Depth  at  last  molar -08 

Internal  depth  of  jaw  at  posterior  edge  of  symphysis. -071 

Thickness  of  jaw  at  angle "OU 

"  "        at  first  premolar •086 

The  molar  series  (fig.  2)  display  three  transverse  crests,  the 
anterior  the  most  prominent,  and  forming  with  the  second  an 
open  angle,  with  the  apex  directed  inward ;  the  posterior  crest 
less  prominent  than  the  other  two,  is  serrate  throaghout  the 
series.  A  cingulum,  faint  elsewhere,  is  quite  strongly  devel- 
oped at  the  edges  of  the  third  crest  Just  beyond  the  inner 
apex  of  the  middle  crest  is  a  large  accessory  tubercle  which  is 
constant  on  the  true  molars  and  last  premolar  inclusive. 

Beginning  the  detailed  description  with  the  last  molar,  for  it 
has  the  characters  of  all  the  others  in  strongest  development, 
we  find  it  is  by  far  the  largest  of  the  series.  The  posterior 
crest  attains  its  greatest  elevation  at  the  center.  The  middle 
crest  marks  two  valleys,  an  anterior  and  a  posterior;  the  latter 
dips  from  a  central  elevation,  corresponding  to  the  highest  ptrt 
of  the  posterior  crest,  to  the  cingulum  on  either  side.  Of  the 
two  valleys  the  anterior,  which  slopes  from  the  apex  strongly 
outward,  is  narrower  but  deeper.  The  anterior  crest  is  nearly 
horizontal,  concave  on  its  forward  surface,  terminating  inten- 
orly  in  a  prominent  and  exteriorly  in  a  lesser  tubercle. 

The  second  molar  presents  the  same  characters  as  the  last, 
but  is  greatly  reduced  in  size;  this  disparity  is  more  marked 
here  than  it  is  between  any  two  of  the  other  teeth.  The  first 
molar  is  so  much  more  worn  that  it  fixes  three  as  the  number 
of  true  molars  without  doubt 

In  the  premolar  scries  the  anterior  crest  is  relatively  more 
prominent  and  its  terminal  tubercles  become  equal  in  size. 
The  posterior  crest  extends  more  on  the  inner  side  of  the  crown. 
The  third  is  the  only  one  of  the  premolars  on  which  the  tubercle 
beyond  the  apex  is  found.  The  second  and  third  premolars 
have  the  middle  crest  comparatively  lower,  while  in  the  first  it 
rises  to  form  a  continuous  course  with  the  anterior,  giving  a 
crescentic  appearance  to  this  portion  of  the  tooth,  accompanied 
by  a  considerable  elevation  or  the  outer  marginal  tubercle. 

The  canine  incisor  series. — Owing  to  the  fragmentary  state  of 
the  mandible  of  Loxolophodon  found  by  Professor  Cope  in  the 
Mammoth  Butte  beds  he  was  led  astray  as  to  the  lower  incisora. 
In  his  pamphlet,  *'0n  the  Short-Footed  Ungulata,"  (Proc.  Am. 
Phil.  Soc.,  Feb.  21,  1878,)  he  inferred  that  ''the  lower  incisora 
must  be  regarded  as  wanting.  This  is  in  conformity  with  the 
structure  of  the  upper  jaw  and  is  rendered  probable  by  the  great 
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redaction  of  the  symphysis  of  the  lower  jaw  in  this  species." 
Professor  Marsh  subsequently  found  the  specimen  of  U.  (D,) 
laticepSj  already  referred  to.  In  this  specimen  the  alveoli  for 
six  lower  incisors  were  found,  but  the  teeth  themselves  were 
unfortunately  wanting;  nevertheless  the  correct  dental  formula 
for  the  Sub-order  was  established. 

The  canines  and  incisors  in  L.  cornutus  are  contiguous  and 
directed  upward  and  forward  at  such  an  angle  that  the  two 
lobes,  larger  and  smaller,  are  on  a  line  and  divide  the  attrition. 
They  are  placed  not  in  a  semicircle  but  in  straight  converging 
lines.     They  decrease  in  size  regularly  backward. 

The  median  incisor  (6g.  3)  consists  of  an  outer  convex  and 
inner  flat  surface.  The  outer  portion  is  divided  by  a  median 
valley  into  two  convex  lobes;  of  these,  the  anterior  is  placed 
higher  upon  the  fang,  is  much  the  larger  and  comes  to  a  pointed 
apex ;  a  section  below  the  apex  would  be  plano-convex,  the  plane 
sor&ce  being  interior.  The  median  valley,  dividing  the  two 
lobes  externally,  rises  from  the  cingulum  and  is  cleft  near  the 
top  by  a  slight  elevation  which  is  possibly  homologous  to  the 
median  crest  of  the  molar  series.  The  posterior  lobe  is  flatter 
externally,  rises  lower  upon  the  fang  and  comes  to  an  obtuse 
point  about  two-thirds  the  height  of  the  anterior.  The  inner 
surface  of  the  tooth  is  nearlv  flat,  with  a  slightly  raised  margin ; 
this  throughout,  except  at  the  apices  of  the  two  lobes,  is  faintly 
serrate,  and  is  notched  at  the  summit  of  the  median  valley. 
The  second  incisor  (fig.  4)  is  shorter  and  more  obtuse  than  the 
first  but  larger  than  the  lateral  incisor  or  canine;  in  it  the 
notches  that  mark  the  upper  margin  are  less  distinct ;  opposite 
the  outer  convexities  the  inner  surfaces  are  more  concave.  In 
the  lateral  incisor  (fig.  5)  the  median  valley  is  deeper  and  the 
anterior  cleft  is  less  marked,  while  at  the  head  of  the  valley  the 
upper  margin  arches  inward ;  the  posterior  lobe  is  relatively 
higher.  In  the  canine  the  cleft  at  the  head  of  the  valley  has 
disappeared  and  consequently  there  is  a  deep  single  valley ; 
opposed  to  this  is  a  more  pronounced  convexity  of  the  inner 
surface.  The  fangs  throughout  the  series  are  long,  stout,  arch 
forward  slightly,  and  decrease  in  size  with  the  crowns. 

Measuremmts  of  the  Teeth. 

M. 

Entire  length  of  molar  series, .l66 

Length  of  true  molar  series, .o94 

Fore  and  aft  diameter  of  last  true  molar, .o47 

Transverse  diameter  of  same, .qSC 

Height  of  crown  of  same, .q30 

Fore  and  aft  diameter  of  first  premolar, -023 

Transverse  diameter  of  same, .qIO 

Height  of  crown  of  same, .o22 

Length  of  canine-incisor  series, .140 
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Meaauremenis  o/the  TMh, 

Width  of  median  incisor, -OH 

Length  of  same, -041 

Heiffht  of  crown  of  same, -OS? 

Width  of  external  lobe  of  same, -026 

Width  of  internal  lobe  of  same, -OlS 

Length  of  fang  of  same, - "060 

Width  of  canine, -OlS 

Length  of  same, •086 

Length  of  fang  of  same, -OSS 

The  entire  dental  series  show  distinctly  two  types  of  struc- 
ture ;  the  molars  are  modelled  after  the  last  true  molar  which  is 
the  most  specialized  of  the  series ;  while  the  median  incisor  is 
the  pattern  for  the  canine-incisor  series. 

Having  now  detailed  the  structural  peculiarities  of  the  lower 
jaw  there  remains  to  be  shown  the  important  bearing  that  it  has 
in  its  general  form  upon  many  of  the  still  unsettled  questions 
concerning  the  habits  and  type-modification  of  the  Loxolopho- 
don  and  allied  genera.  The  undersized  downward  processes 
are  of  value  in  so  far  as  they  fully  confirm  Loxolopbodon  as 
independent  genus  from  Uintatherium ;  they  also  show  that  the 
robust  processes  of  Uintatherium  did  not  have  for  their  object 
the  protection  of  the  upper  tusks ;  otherwise  they  throw  no 
new  light  upon  the  subject  at  issue.  It  is  around  the  canine- 
incisor  series  that  our  interest  chiefly  centers.  Immediately 
the  question  arises  how  did  these  teeth,  worn  at  their  tips, 
strongly  directed  forward  and  fixed  with  stout  fangs,  meet  the 
upper  jaw  and  how  were  they  of  use  in  feeding.  This  it  seems 
to  us,  finds  a  ready  answer  when  we  turn  our  attention  to  the 

gremaxillary  bones;  of  these  Professor  Cope  (Proc.  Am.  Phil, 
oc,  Feb.  21st,  1873)  says:  "the  premaxil lanes  do  not  enclose 
the  very  large  foramen  incisivum  in  front  and  are  therefore 
deeply  furcate."  A  careful  examination  of  a  fine  specimen  in 
the  Princeton  Museum  does  not  wholly  confirm  this  statement, 
if  we  understand  it  aright  In  the  posterior  half,  the  premax- 
illaries  are  united  by  a  bony  plate,  and  as  the  inner  margin  of 
the  anterior  half  is  not  a  rough  line  indicating  muscular  attach- 
ment but  an  irregularly  broken  edge,  it  is  reasonable  to  infer 
that  between  these  bones  there  was  a  thin  plate  of  true  cartilage 
in  .which  ossification  was  certainly  advancing  at  the  sides  if  it 
never  reached  the  center.  These  edentulous  premaxillaries 
probably  supported  a  callous  pad;  if  so  it  is  singular  that  this 
modification  so  characteristic  of  the  Ruminants  should  be  found 
in  this  formidable  aberrant  type,  especially  as  it  has  strong 
perissodactyle  affinities.  Now  as  regards  the  process  of  feed- 
ing, it  is  certain  that,  setting  aside  the  short  neck  and  elevated 
shoulders,  the  extreme  protrusion  of  the  nasals  would  not  per- 
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mit  of  the  action  of  close  cropping,  and  this  leaves  the  only 
alternative  that  the  animal  browsed  from  the  tall  reeds  and 
undergrowth  which  accompanied  a  moist  and  tropical  climate. 
These  conjectures,  if  established  by  more  extended  research, 
are  valuable  in  connection  with  the  dispute  regarding  the  pro- 
boscidean characters  of  the  sub-order,  which  occupied  many 
pages  in  vol.  vii  of  the  American  Naturalist,  for  they  do  away 
with  the  necessity  for  a  proboscis,  pointing  rather  to  a  powerful 
prehensile  upper  lip.  It  will  be  understood,  however,  that  no 
more  validity  is  claimed  for  them  than  that  of  mere  hypothesis, 
to  be  strengthened  or  broken  down  by  further  evidence. 

EoBpkMaHon  of  plate, — Y\%.  1,  left  lower  ramus  of  L,  oomutua.  Hg.  2,  molar 
■eriee  of  sama  Fig.  3,  median  incisor.  Fig.  4,  second  incisor.  Fig.  6,  lateral 
indflor.  Fig.  6,  canine.  The  ramus  is  drawn  one-third  natural  size ;  the  remain- 
ing figures  are  two-thirds  natural  size. 


Abt.  XXXIX. — Notice  of  recent  Additions  to  the  Marine  Fauna 
of  the  eastern  coast  of  North  America j  No.  4 ;  by  A.  E.  Verrill. 
brief  Contributions  to  Zoology  from  the  Museum  of  Yale  College, 
No.  XLL 

In  the  following  notice  there  will  be  found  descriptions  of 
new  species  of  Hydroids,  belonging  to  the  Plumularidce,  referred 
to  in  the  preceding  number,  but  from  which  they  were  omitted, 
for  lack. of  space.  These  and  other  species  herein  named,  as 
well  as  those  described  in  the  last  number,  form  part  of  the 
extensive  collections  of  marine  Invertebrata,  belonging  to  the 
U.  S.  Commission  of  Fish  and  Fisheries,  which  have  been 
entrusted  to  me  for  examination  and  description,  by  the  Com- 
missioner, Professor  S.  F.  Baird.  In  the  present  notice,  there 
are  also  included  certain  species  which  were  collected  during 
several  special  dredging  expeditions,  undertaken  by  the  author, 
with  Professor  S.  L  Smith  and  others,  in  1864,  1865,  1868, 
1870,  previous  to  the  organization  of  the  Fish  Commission. 

Hydroida. 

Cladoearpus  Pourtalesiiy  sp.  nov. 

::  A  large  species,  forming  a  tall,  unbranched,  secund  plume. 

7,  Hydrocaulus  stout,  compound,  rough ;  the  component  tubes  run 

i  in  an  irregular  subspiral  course,  and  each  bears  two  rows  of 

]  nematothecdd.     The  pinnae  are  very  numerous,  about  an  inch 

';  long,  and  arise  alternately,  in  one  line,  along  the  front  of  the 

^  stem  and  curve  outward   and   upward.      Hydrothecae   about 

i  twice  as  long  as  broad,  only  slightly  enlarged  toward  the  aper- 

^  turCi  which  has  a  smooth  even  margin;    intrathecal  septum 


310        A.  E,  VerrUl — Marine  Fauna  of  North  America. 

conspicuous,  the  free  edge  curled  upward.  Lateral  nem- 
atothecsB  short,  broad,  rising  but  slightly  above  the  margin  of 
the  hydrothecse;  median  nematothecae  short,  adnate,  except 
close  to  the  end,  rather  more  than  one-third  as  long  as  the 
hydrothecsB.  The  gonothecsB,  which  are  borne  on  short,  jointed, 
branches  arising  from  the  base  of  the  pinnae,  are  subcalceoli- 
form,  when  seen  in  a  side-view,  but  in  a  front-view  obovate, 
narrowing  to  a  slender  base;  aperture  lunate,  near  the  end,  on 
one  side,  the  lower  lip  sunken  or  incurved.  There  are  one  to 
five  gonothecae  on  each  supporting  branch.  C!olor,  light  yel- 
lowish. 

Height  of  largest  specimen,  200™™ ;  length  of  naked  part  of 
stem,  40'°™;  length  of  pinnae,  18  to  22™™;  diameter  of  stem,  1"5"". 

S.  W  from  Cape  Sable,  N.  S.,  112-115  fathoms,  gravel,  1877, 
U.  S.  F.  Com.  Also  taken  on  Banquereau,  N.  S.,  in  300  fath- 
oms, by  the  crew  of  the  schooner  "  Magic,"  Capt.  W.  Thompson. 

Cladocarpus  comutus^  sp.  nov. 

Hydroid  subpinnately  branched,  rather  rigid,  with  com- 
pound stem.  The  few  branches  (four  in  one  example)  diveige 
at  a  wide  angle,  and  are  like  the  main  stem.  Pinnae  not 
crowded,  spreading  outward  abruptly,  and  somewhat  bent 
backward,  about  a  thinl  of  an  inch  long.  Hydrotbecae  larse, 
somewhat  compressed,  adnate  to  the  stem,  somewhat  triangujfar 
or  obconic  in  a  side  view,  expanding  from  base  to  rim,  with  a 
conspicuous  median  keel  or  ridge  along  the  front,  which  rises 
into  a  prominent,  lanceolate,  acute  lobe  projecting  considerably 
beyond  the  lateral  borders,  which  are  divided  into  about  five, 
often  unequal,  obtuse,  subangular  lobes,  a  small  incurved  lobe 
being  situated  each  side  of  the  base  of  the  large  median  lobe; 
intrathecal  septum  narrow,  situated  near  the  bottom  of  the 
hydrotbecae.  Lateral  nematothecae  elongated,  the  ends  free, 
spreading  outward  laterally,  margin  crenulated;  median  ne- 
matothecae short,  narrow,  tapering,  directed  outward,  with  the 
mouth  very  oblique,  and  margin  crenulated,  free  for  about  half 
their  length,  and  not  extending  so  far  as  the  middle  of  the 
hydrotheca.  Each  joint  of  the  pinnae  is  divided  internally  into 
five  or  six  compartments  by  transverse  septa.  Gonothecaa 
swollen,  obovate,  borne  on  the  mid-rib  of  the  main  stem  and 
principal  branches,  at  the  bases  of  short,  jointed,  special  pro- 
tective branchlets,  either  simple  or  forked,  many  of  which  have 
a  single  hydrotheca,  of  the  ordinary  form,  on  the  last  joint,  but 
onlv  nematothecae  on  the  others.     Dark  horn-color. 

Height,  70™™;  length  of  longest  branch,  20™™;  length  of 
longest  pinnae,  8  to  9™™. 

Off  Sable  Island,  N.  S.,  on  Banquereau,  in  about  200  fathom& 
Obtained  by  the  crew  of  the  schooner  **  Marion,"  Capt,  J.  W. 
Collins,  Sept.  12,  1878,  and  preserved  by  Mr.  Newcomb. 
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Cladocarpus  apeciosus^  sp.  nov. 

Our  single  specimen  is  small,  unbranched,  without  gono- 
phores.  Stem  compound.  Pinnae  slender,  not  crowded,  spread- 
ing at  a  wide  angle.  Hydrothecse  rather  short,  slightly  cam- 
panulate,  in  a  side  view  the  breadth  of  the  aperture  is  equal  to 
two-thirds  the  depth;  a  faint  median  ridge  on  the  front;  the 
margin  is  divided  rather  regularly  into  about  eleven  or  thirteen, 
moderate  sized,  subacute  teeth,  the  outer  median  tooth,  and 
that  next  to  it,  on  each  side,  a  little  longer  than  the  rest ;  intra- 
thecal septum  well-developed,  near  the  bottom ;  lateral  nema- 
tothecae  short,  swollen  in  tne  middle,  narrowed  to  the  aperture, 
margin  crenulated;  median  nematothecse  short,  adnate,  except 
at  the  end,  where  the  oblique  aperture  faces  the  hydrotheca, 
margin  crenulated. 

Height,  26°™;  length  of  pinnae,  10°™. 

Banquereau,  off  Sable  Island,  N.  S.,  in  about  200  fathoms, 
with  the  preceding  species. 

MOLLUSOA. 

Cingula  Jan-Mayeni  nob. 

RiamM  Jan-Mayeni  Friele,  Nyt  Mag.  for  Naturvidensk.,  18*77,  Jan-Mayen  Mol- 
luBca,  (author's  oopies,  p.  4,  figa.  4  a,  b.) 

Several  specimens  of  this  species  were  sent  to  me  by  Mr. 
J.  F.  Whiteaves,  who  dredged  them  in  1873,  in  the  Gulf  of  St 
Lawrence,  200  fathoms,  mud.  It  is  recorded  as  from  70  to  300 
fathoms,  off  Greenland,  by  Friele.  It  is  allied  to  C.  armaria 
Migh.  (=5.  scrobicu/atata  Moll.)  and  to  G  carinata  Mighels,  but  is 
a  larger  and  stouter  species  than  either  of  these,  with  stronger 
sculpture  and  more  angular  and  shouldered  whorls.  The  color 
is  dark  chestnut-brown.  There  are,  in  our  specimens,  four 
strong  revolving  ridges  on  the  last  whorl ;  the  upper  one  nod- 
ulous ;  the  lowest,  stout,  basal ;  about  fourteen  transverse  sub- 
sutural  costse,  extend  to  and  join  the  first  revolving  ridge,  giving 
rise  to  the  small  tubercles.  On  the  spire  only  two  spiral  lines 
are  visible.     Length,  4°»»";  breadth,  2-5°"°. 

Cingula  areokUa  nob. 

Ikarriidta  areolata  Stimp.,  SheUs  of  New  England,  p.  35,  1851. 

This  species,  which  has  long  been  lost  sight  of,  and  even 
omitted  from  Binney's  Gould,  I  have  recently  rediscovered 
among  small  shells  dredged  at  Mt  Desert  Island,  coast  of  Maine, 
about  1860,  by  the  late  Professor  Wm.  C.  Cleveland,  and  also 
among  the  shells  from  the  Gulf  of  St.  Lawrence,  sent  by  Mr. 
J.  F.  Whiteaves,  who  dredged  it  in  ninety-six  fathoms,  in 
Trinity  Bay.  It  is  allied  to  C,  carinata  Mighels,  but  is  a  more 
delicate,  longer,  and  more  pointed  shell,  translucent,  and  nearly 
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white  in  color,  and  has  a  smooth  base.  It  somewhat  resembles 
a  minute  Scalaria,  The  six  whorls  are  well-rounded,  with  deep 
sutures ;  the  last  whorl  has  four  or  five  delicate  revolving  ridges, 
around  the  middle,  but  none  on  the  base ;  the  numerous  and 
regular  subsutural  ribs  cross  two  or  more  of  the  revolving  ridges. 
The  aperture  is  slightly  angular  and  effuse  in  front,  or  some- 
times even  slightly  notched.  The  inner  lip  is  scarcely  contin- 
uous posteriorly,  or  represented  only  by  a  very  thin  deposit  od 
the  body-whorl ;  no  umbilicus.  An  examination  of  the  soft 
parts  and  of  the  dentition  shows  that  this  is  a  genuine  Itissoa, 
(as  understood  by  JeflFreys  and  others,  in  the  wider  sense). 
But  it  seems  to  me  better  to  adopt  the  name  Oingula^  as  re- 
stricted by  Gould,  in  1841,  for  those^  species,  mostly  northern, 
which  lack  the  opercular  cirrus,  and  wnich,  also,  usually  have 
thin  shells,  with  no  distinct  rib  on  the  outer  lip.  To  this  group 
belong  nearly  all  our  other  New  England  species,  viz :  C  acukus 
Gld.,  C.  muliilineata  (St.),  G,  castanea  (Moll.),  C  arenaria  M.  {=R, 
exarata  St.),  C.  carinata  M.,  (7.  latior  M.,  C,  globulus  (Moll.) 
No  true  Rissoa  has  yet  been  found  on  the  Northeastern  coast  of 
America. 

Cingula  castanea  nob.,  {:=zRissoa  castanea  Moller). 

This  species  I  have  dredged  at  Eastport,  Me.  (1864).  Pro- 
fessor Cleveland  took  it  at  Mt.  Desert.  Me. ;  and  Mr.  Whiteaves 
in  the  Gulf  of  St.  Lawrence.     It  is  sometimes  white. 

Acirsa  costulata  nob.,  {z=:TurriteUa  costula^  Mighcls,  1841). 

The  species,  very  well  described  and  figured  by  Miffhels,  is 
undoubtedly  identical  with  A,  horealis  Beck,  MSS.,  and  A,  Es- 
chriclitii  (Mcill.  1842)  of  authoi*s.  The  name  given  by  Mighels 
appears  to  have  priority  of  publication.  It  is  not  uncommon 
oft'  the  coast  of  Maine,  in  10  to  90  fathoms. 

Z^eptochiton  alveolus  (Sars)  Lov6n. 

Mr.  W.  n.  Dall  has  detected  this  species  among  specimens 
dredged  in  the  Gulf  of  Maine,  in  150  fathoms,  by  I)r.  A.  S. 
Packard,  for  the  U.  S.  Fish  Commission,  on  the  "Bache,''  in 
1872.  He  also  informs  me  that  he  has  received  it  from  the 
Gulf  of  St  Lawrence,  220  fath.,  (Coll.  Whiteaves). 

Leptochiton  canceUattcs  (Sby.)  H.  <&  A.  Adams. 

Mr.  Dall  has  identified,  as  probably  of  this  species,  an  imma- 
ture specimen  dredged  by  me,  in  1877,  off  Halifax,  N.  S.,  in 
95  fath.,  while  on  the  U.  S.  Fish  Commission. 

Doris  repanda  Alder  and  Hancock,  (=:2>.  planulata  Stimpson). 

A  critical  examination  of  the  dentition  of  this  species  shows 
that  the  American  specimens  are  perfectly  identical  with  the 
European. 
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Aeanthodoria  omata  Verrill,  sp.  nov. 

Length  about  1  inch,  or  25"»™ ;  breadth  8"™.  Body  elongated, 
high  at  the  sides,  somewhat  oblong ;  but  narrower  and  obtusely 
rounded  behind,  extending  much  beyond  the  mantle;  mantle 
much  smaller  than  foot,  broadly  rounded  in  front,  and  expanded 
into  rounded  antero-lateral  angles,  narrowed  and  often  incurved 
in  middle  and  again  expanded  opposite  the  gills,  covered  with 
small,  conical  papillsB,  except  on  a  smooth  area  on  the  middle 
of  the  back,  extending  from  the  gills  to  the  tentacles.  Frontal 
veil  broad,  angular,  with  four  distinct,  but  small,  papilliform 
processes,  two  directed  forward  and  two  at  the  prominent  outer 
angles.  Dorsal  tentacles  long,  slender,  tapered  at  the  end,  length, 
nearly  equal  to  breadth  of  body  (6""),  the  lower  half  smooth, 
the  distal  half  with  about  sixteen  strong  lamellae,  and  a  terminal 
rounded  papilla;  sheaths  rudimentary,  with  very  small  papillae. 
Gills  eight,  large,  broad,  in  expansion  exceeding  the  breaath  of 
the  body,  bipinnate,  finely  aivided,  the  two  posterior  ones 
smaller,  all  united  by  a  basal  web ;  anal  area  smooth.  Color, 
translucent  yellowish  flesh-color,  specked  with  yellow  and 
brown  ;  bases  of  papillae  surrounded  by  brown  ;  dorsal  smooth 
area  brownish  (due  to  viscera) ;  gills  pale  flesh-color,  with  flake- 
white  at  their  bases ;  tentacles  pale,  their  lamellae  brownish 
yellow.     (Description  from  living  specimen). 

Eastport,  Me.,  at  low  water,  Aug.  19,  1872.  Collected  by 
the  writer  while  with  the  U.  S.  Fish  Commission.  Drawings 
were  made  by  Mr.  Emerton,  and  the  writer. 

Allied  to  Doris  {Acanthodoris)  subquadrata  Alder  and  Hancock. 

Acanthodoris  stellcUa  nob.,  {zzDoris  ateUata  Gmelin.) 

J}ori8  (Acanthodoris)  pHosa  Alder  and  Hancock,  Plate  15,  figs.  1-10  (rum  Doris 

pilosa  MQller). 
Doris  bifida  Vemll,  this  Journal,  voL  1,  p.  406.    (Variety). 

Typical  specimens  of  this  species  have  been  repeatedly  col- 
lected and  carefully  examined  by  me,  from  various  parts  of  the 
New  England  coast  (New  Haven  to  Eastport,  Me.),  and  agree 
perfectly  with  the  figures  and  descriptions  by  Alder  and 
Hancock,  except  that  the  white  stellate  markings  on  the  gills 
are  usually  absent.     My  Doris  bifida  is  only  a  color-variety. 

Acanthodoris  citrina  sp.  nov. 

At  Eastport,  Ma,  I  have  observed  a  more  distinct  form,  prob- 
ably a  new  species.  In  this  the  body  is  more  depressed  and 
elongated,  elliptical ;  the  frontal  veil  is  crescent-shaped,  with 
the  ancles  much  produced,  and  with  two,  more  prominent, 
tentacular  papillae  m  front.  Mantle  covered  with  small,  soft, 
conical,  acute,  yellow  papillae,  with  yellow  granules  between 
them.  Branchiae  nine,  broad,  bipinnate  and  tripinnate,  in  ex- 
pansion nearly  reaching  the  sides  of  body,  the  two  posterior 
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small,  all  united  beneath  by  a  short  web.  Color,  pale  lemon- 
yellow,  specked  with  bright  yellow  ;  gills  yellow  ;  tentacles  and 
edge  of  mantle  orange.     Length  25°^ ;  breadth  8  to  10™". 

AdcUaria  proxima  Bergh,  {=i Doris  proxima  Alder  and  Han«) 

Specimens  of  this  species  were  collected  at  Eastport,  Me.,  by 
the  writer  and  Professor  S.  L  Smith,  in  1864,  and  also  in  subse- 
quent years.  They  agree  perfectly,  both  in  external  characters 
and  dentition,  with  the  English  specimens. 

Onchidoris  muricata  (Mtlller).     H.  and  A.  Adams. 

Specimens,  apparently  identical  with  this  species,  were  ob- 
tained at  Eastport,  Me.,  with  the  preceding. 

Onchidoris  diaphana  (Alder  and  Han.) 

Not  uncommon  at  Eastport,  Ma,  where  I  obtained  it  in  1864, 
'68,  70,  at  low -water,  under  stones. 

CorypheUa  rutilOy  sp.  nov. 

A  large,  brilliantly  colored  species,  remarkable  for  the  small 
size  of  the  head.  Foot  broad,  pointed,  but  not  much  elongated 
posteriorly ;  auricles  very  long,  often  equal  to  breadth  of  foot, 
slender,  acute,  with  a  fold  or  groove  in  front.  Head  small, 
rounded,  often  emarginate  in  front,  with  the  mouth  lai^e  and 
subterminal.  Oral  tentacles  arising  from  sides  of  head,  slender, 
elongated,  tapering,  slightly  wrinkled ;  dorsal  tentacles  slightly 
stouter  and  longer,  wrinkled,  arising  near  together;  eyes 
not  observed.  Branchiae  numerous,  long,  rather  slender, 
slightly  fusiform,  arranged  in  eight  to  ten,  usually  well-separated, 
transverse  clusters,  mostly  of  two  rows  each,  usually  six  to 
eight  in  each  row ;  anteriorly  the  clusters  become  more 
crowded.  Color,  yellowish  white,  translucent;  branchiae  with 
a  bright  vermilion  nucleus,  the  tips,  for  some  distance,  flake- 
white;  dorsal  tentacles  pale  yellowish,  usually  tipped  with 
white.  Length,  48*""';  breadth,  7°*°* ;  dorsal  tentacles,  10™": 
oral  9™°* ;  branchiae,  9-5*°°*. 

Eastport,  Me.,  1864,  1868,  1872,  found  at  low-water,  some- 
times under  stones,  but  often  entirely  exposed,  creeping  over 
algae.     It  is  allied  to  .JHolts  pellucida  Alder  and  Hancock. 

Cuthona  Stimpsoni^  sp.  nov. 

A  species  of  Cuthona^  allied  to  C  Peachii  Aid.  and  Han.,  is 
not  uncommon  at  Eastport,  Me.,  where  I  have  observed  it  in 
1865,  '68,  '70  and  '72.  The  tentacles  of  both  pairs  appear  to 
be  longer  than  in  the  English  species,  and  the  head  to  oe  more 
produced  laterally.  The  foot  is  broad,  not  very  acute  nor  slen- 
der posteriorly ;  auricles  small,  short,  triangular,  often  directed 
backward.     The  head  is  large,  broad,  rounded  in  front,  with  dis- 
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tinct  rounded  lateral  lobes.  Tentacles  slender,  slightly  wrink- 
led ;  branchiaa  numerous,  crowded,  fusiform.  Color,  yellowish 
white,  with  a  flake-white  line  on  the  upper  side  of  foot,  posteri- 
orly ;  tentacles  tinged  with  salmon,  with  flake-white  specks  or 
a  streak,  distally ;  branchiae  with  salmon,  yellowish  brown,  red- 
dish brown,  or  purplish  nucleus,  and  specked  at  the  end  with 
flake- white,  which  sometimes  forms  a  ring,  near  the  tip. 
Length,  10  to  82' 
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Art.  XL. — On  the  Presence  of  Chlorine  in  Scapolites  ;  by  Frank 
D.  Adams.  Contributions  from  i/ie  Laboratory  of  the  Shef- 
field Scientific  School     No.  LIV. 

In  the  present  paper  I  wish  to  call  the  attention  of  mineralo- 
gists to  a  fact  which  appears  to  have  been  hitherto  almost  en- 
tirely overlooked,  namely,  the  presence  of  chlorine  in  minerals 
of  the  scapolite  family.  In  a  paper  which  appeared  in  the  An- 
nalen  der  Chemie  una  Pharmacie,  xlvi,  p.  840,  1848,  Dr.  Carl 
Schafhautl  details  the  results  of  his  examination  of  ^^  Porzel- 
lanspath.''  It  was  called  passauite  by  Naumann,  and  classed  in 
Dana's  Mineralogy  as  an  altered  ekebergite.  The  mineral  was 
first  analyzed  and  made  a  distinct  species  by  Fuchs,  who,  in 
his  Mineralogy,  published  in  1842,  assigns  to  it  the  formula 

4Sl  Si-f  40a  Si  +  €1  Na, 

which  requires  7*83  per  cent  of  sodium  chloride.  He,  however, 
supports  the  formula  by  no  analyses.  Dr.  Schafhautl  employed 
several  methods  in  determining  the  chlorine.  In  one,  the  pow- 
dered mineral  was  heated  in  a  retort  with  concentrated  sulphuric 
acid  and  the  distillate  caught  in  a  tube  containing  silver  nitrate. 
This  method  required  care,  but  gave  good  results.  He  then 
tried  fusion  with  barium  carbonate,  or  sodium  carbonate.  Only 
a  little  chlorine  was  found  when  a  red  heat  was  employed,  and 
none  at  all  when  a  white  heat  was  given.  But  a  satisfactory 
result  was  obtained  by  fusing  with  barium  carbonate  in  a  very 
thin  platinum  crucible,  some  of  the  carbonate  being  placed  on 
top  of  the  mixture,  and  the  heat  supplied  by  a  Fuchs  spirit 
lamp.  The  quantity  of  chlorine  in  the  mineral  was  found  to  be 
'924  per  cent,  an  amount  just  suflBcientto  saturate  the  potassium 
present     From  his  analysis  he  deduced  the  following  formula: 

4(Ai,o„  si03)+ 1  '^^:S:io;^  \  +*^ci. 

This  analysis  of  Dr.  Schafhautl's  is  the  only  one  in  the  lists 
of  analyses  of  scapolites  given  in  Dana's  Mineralogy,  in  which 
chlorine  is  mentioned  as  one  of  the  constituents. 
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This  winter  a  daplicate  analysis  of  a  scapolite  from  lot  13  of 
the  8th  concession  of  the  township  of  Ripon,  Quebec,  was  made 
by  the  writer,  but  it  fell  short  of  100  by  several  per  cent  Think- 
ing that  a  loss  must  have  been  incurred  at  some  step  in  the  pro- 
cess, the  analysis  was  repeated,  but  the  results  were  much  the 
same.  The  mineral  was  then  tested  for  fluorine  by  the  method 
described  in  Fresenius*  QuaL  Anal.,  p.  218,  7,  but  none  was 
found.  It  was  noticed,  however,  that  by  heating  the  powdered 
mineral  alone  in  a  platinum  crucible,  a  heavy  sublimate  was 
obtained  which  collected  in  a  drop  on  the  cover  of  the  crucible. 
This  sublimate  was  soluble  in  water,  the  solution  gave  a  pre- 
cipitate with  silver  nitrate  and  also  one  with  barium  chloride, 
thus  showing  the  presence  of  chlorine  and  sulphuric  acid  in  the 
mineral.  A  complete  analysis  of  the  mineral  was  again  made 
in  duplicate;  this  time  the  chlorine  and  sulphuric  acid  were 
determined,  and  it  was  found  to  sum  up  satisfactorily.  The 
scapolite  occurs  in  veins  varying  in  width  from  a  few  inches 
to  a  foot  It  is  associated  with  blackish  mica,  green  horn- 
blende, colorless  quartz,  reddish  calcite,  green  apatite,  black 
tourmaline,  and  frequently  incloses  small  crystals  of  brownish 
sphene.  The  opening  from  which  the  specimens  were  taken  was 
made  in  search  of  apatite,  which  occurs  in  the  vicinity  both  in 
crystals  associated  with  blackish  mica  and  reddish  calcite,  and 
also  in  the  finely  granular  form  known  to  the  miners  as  "sugar 
phosphate.'^  A  portion  of  one  of  the  apatite  crystals  was  ex- 
amined and  found  to  contain  chlorine.  The  color  of  the 
mineral  is  white,  sometimes  greenish-white. 

The  scapolite  occurs  in  rather  large  crystals,  the  exterior  por- 
tions of  which  are  evidently  somewhat  decomposed,  while  the 
interior  is  apparently  unchanged.  It  fuses  with  intumescence 
at  about  3.  The  lustre  of  the  undecomposed  mineral  on  the 
basal  surface  of  fracture  is  sub-vitreous,  but  elsewhere  there  is 
little  lustre.  The  only  cleavage  observed  was  paralled  to  the 
lateral  faces,  which  are  deeply  striated.  Specific  gravity  of 
three  specimens  was  as  follows:  —  2-605,  2*654:,  2*626.  A 
portion  having  the  strongest  vitreous  lustre  was  selected  for 
analysis.  A  section  made  from  a  fragment  of  this  was  submit- 
ted to  a  microscopic  examination  by  Mr.  Hawes,  who  judged 
that  the  impurities  were  not  present  in  sufficient  quantity  to 
cause  any  error  in  conclusions  drawn  from  the  results  of  analy- 
sis.* The  chlorine  and  sulphuric  acid  were  determined  by 
fusing  with  sodium  carbonate,  and  after  digesting  the  fused 
mass  with  water,  acidifying  with  nitric  acid  and  precipitating 
the  chlorine  by  silver  nitrate.  The  excess  of  silver  in  the 
filtrate  was  then  separated  by  hydrochloric  acid,  filtered  off, 

*  Minute  quantities  of  orthoclase  and  calcite  were  observed.  No  disengage- 
ment of  carbon  dioxide  could  be  perceived  when  the  powdered  mineral  wai 
treated  with  hydrochloric  acid. 
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and  the  sulpharic  acid  precipitated  in  the  filtrate  by  barium 
chloride.  Since  as  before  mentioned  alkaline  chlorides  are  lost 
by  igniting  the  mineral  strongly,  the  elongated  slightly  conical 
crucible  designed  by  Dr.  Smith  for  his  alkali  determinations, 
was  made  use  of  in  estimating  the  water.  The  mineral  was 
dried  over  sulphuric  acid  in  a  platinum  boat,  introduced  into 
this  crucible  and  kept  at  a  bright  red  heat  over  a  fish-tail 
BuQsen  lamp  until  it  ceased  to  lose  weight  The  flame  of  a 
Bunsen  lamp  was  occasionally  passed  across  the  mouth  of  the 
crucible  but  no  yellow  coloration  was  imparted  to  it,  and  on 
rinsing  out  the  crucible  with  distilled  water  only  a  trace  of 
chloride  was  found  in  solution.  The  remaining  constituents 
were  determined  in  the  usual  way. 

The  results  of  the  analyses  are  as  follows  : 


I. 

II. 

Mean. 

SiO, 

54-869 

54-858 

54-859 

A1,0, 

22-128 

22-769 

22-448 

FeaOs 

•486 

•486 

-486 

CaO 

9^164 

9-020 

9*092 

MgO 

trace. 

trace. 

trace. 

K,0 

1^241 

1-013 

1127 

Na,0 

8^358 

8-373 

8^365 

CI 

(2-473)  2-486 

2-276 

}  2411 

80, 

•82-5 

•770 

•796 

HtO  (oomb.) 

•143 

•139 

•141 

H,0  ( 

tiygr.) 

•722 

-723 

•722 

100-409 

100^427 

100-447 

Deduction  for  0 

replaced  by  CI, 

•69 

•59 

•59 

99-819       99-837       99*857 


Assuming  chlorine  and  sulphuric  acid  to  be  combined  with 
sodium,  the  atomic  and  quantivalent  ratios  calculated  from  the 
mean  of  the  above  analyses,  are : 


Atomic. 

Si 

914x4 

Al 

438x3 

Fe 

006x3 

Oa 

162x2 

Na 

206 

K 

024 

NaCl 

068 

Na,804 

010 

H,0 

032 

Qnantiraleiit. 

/ * , 

3656  3666 

1314) 
18  r 
324         324  y  1886 

206 
24 


1 


Excluding  NaCl  and  Na^SO^,  the  quantivalent  ratio  for 
basic  elements  and  silicon  is  ly86  :  8656=1  :  1*94,  approxi- 
mately that  required  by  a  bisilicate  (1 :  2).  It  is  therefore  more 
acidic  than  any  of  the  members  of  the  scapolite  family  with 
the  exception  of  dipyre  and  marialite. 

As  many  of  the  analyses  given  in  Dana's  Mineralogy  foot  up 
to  less  than  100,  some  of  them  being  as  low  as  97  and  98,  it 
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• 

was  thought  that  the  deficiency  might  be  dae  to  chlorine, 
which  had  been  overlooked  in  the  analyses.  Accordingly  four- 
teen specimens  of  scapolite,  from  aifferent  localities,  were 
selectea  and  examined  for  this  element.  It  was  found  in  every 
case,  though  in  some  of  them  the  amount  present  was  small. 
They  were  tested  by  heating  some  of  the  finely  pulverized 
mineral  to  whiteness  in  a  platinum  crucible,  by  means  of  a 
powerful  blast  lamp,  the  flame  being  slanted  so  as  not  to  heat 
the  upper  portion  of  the  crucible  more  than  necessary.  The 
sublimate  obtained  on  the  cover  was  dissolved  in  water  and  the 
usual  tests  applied.  In  the  following  table  the  percentage  re- 
sults of  the  examination  of  the  scapolites  are  tabulated.  A  dash 
indicates  that  the  constituent  referred  to  has  not  been  tested  for. 


• 

Chlorine. 

Balphoric 
Acid. 

LoM  on  Iffnltlon  at 
aredneat. 

CarlNmk 
Add. 

Gouvemeur,  N.  Y. 

CI.  pres. 

None. 

Lewis  Co.,  N.  Y. 

EdenvUle,  Orange  CJo.,  N.  Y. 

CO,  pres. 

MoDFoe,  Conn. 

Bolton,  Mass.,  (Pink  scap.) 

00«pnt. 

'*      (Whitish  "  ) 

it      11 

Pierrepoint,  N.  Y. 

HsS04  pres. 

Meionite,  Mt  Somma,  Italy. 

t(         ti 

Arondal,  Norway. 

tt         1. 

GOtpies. 

Malsjo,  Wermland,  Sweden. 

li                   4t 

<l         u 

Templeton    ^2l8t  lot    of  ^ 
1 2th  ran.&:e)  Queb.,  mas-  v 

ti      ti 

it                   t( 

u        u 

sive  and  banded.            ) 

Ripon  ( 1  -Uh  lot  of  8th  range) 

Quebec.     High  lustre. 

2-411 

•796  (SO,) 

•722 

None. 

Ripon  (13th  lot  of  8th  range) 

Quebec.    Less  lustre. 

1-468 

1^496 

OOa  pres. 

Ripon  ( 1 3th  lot  of  8th  range) 

Quebec.    Less  lustre. 

2-011 

if          u 

Hull  (8th  lot  of  14th  range) 

Quebec. 

•2026 

HaSO*  pres. 

u        u 

Trumbull,  Conn. 

(J)  1-783 

•337 

None. 

Kokkon,     near     Eragerde, 

Norway. 

2013 

HaS04  pres. 

(3,)  1-903 

CO,  pres. 

Passauite,    Passau  (Schaf- 

hautl.) 

•924 

1-2  (water) 

Dr.  B.  J.  Harrington  informs  me  that  he  has  found  chlorine 
in  other  scapolites  from  the  township  of  Templeton,  Quebec, 
both  in  crystallized  and  massive  specimens,  though  he  has  not 
determined  the  amount  present.  When  the  mineral  contains 
only  a  small  quantity  of  chlorine,  as  in  the  cases  of  the  specimens 
from  Arendal,  Malsjo  and  Templeton,  it  cannot  be  detected 
with  certainty  by  igniting  the  mineral,  but  it  is  easily  found  by 
Rose's  method,  which  will  be  mentioned  farther  on.  In  order 
to  ascertain  what  quantity  of  chlorine  must  be  present  in  the 
mineral  to  be  detected  by  the  ignition  test,  the  scapolite  from 
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Hull,  which  gives  off  only  a  trace  on  ignition,  was  examined  by 
Bose's  method  and  found  to  contain  '202  per  cent  of  chlorine. 
It  is  therefore  probable  that  those  specimens,  whose  sublimate 
^ve  a  distinct  precipitate  with  silver  nitrate  contained  above 
that  amount  In  every  case  in  which  the  sublimate  was  tested 
with  barium  chloride,  a  white  precipitate  was  obtained.  In  the 
scapolite  from  Bipon  this  was  due  to  sulphuric  acid  contained 
in  the  mineral,  but  in  other  cases  it  may  possibly  have  been 
due  to  fluorina  The  blue  sodalite  occurring  at  Litchfield, 
Ma,  loses  alkaline  chlorides  when  ignited,  in  the  same  manner 
as  the  scapolites.  The  sublimate  contains  a  trace  of  sulphuric 
acid  in  addition  to  the  chlorine.  A  specimen  of  wilsonite, 
from  Bathurst,  Ont.,  when  subjected  to  the  same  test,  gave  no 
sublimate,  but  another  specimen  of  the  same  mineral  from  the 
fifth  lot  of  the  tenth  range  of  Hull,  Quebec,  gave  a  slight  subli- 
mate which  contained  a  trace  of  sulphuric  acid,  but  no  chlorine. 
The  meionite  mentioned  in  the  table  gave  a  comparatively 
heavy  sublimate. 

Dr.  Schafhautl,  in  his  paper  referred  to  above,  states  that  his 
"  Porzellanspath  "  lost  all  its  chlorine  when  fused  with  sodium 
carbonate  at  a  white  heat,  and  that  only  a  trace  remained  if  a 
red  heat  was  employed.  In  order  to  ascertain  whether  my 
analysis  was  deficient  on  this  account,  I  determined  the  chlorine 
in  a  white  scapolite  from  Trumbull,  Conn.,  both  by  fusing  it 
with  sodium  carbonate,  over  a  powerful  circular  Bunsen  lamp, 
and  also  bv  Bose's  method.  This  method  consists  in  decom- 
posing  the  mineral  in  the  cold  by  hydrofluoric  acid  in  the 
presence  of  weak  nitric  acid.  The  calcium  fluoride  is  filtered 
ofi",  and  the  chlorine  determined  in  the  filtrate  by  precipitating 
with  silver  nitrate.     The  results  were  as  follows  : — 

By  decomposition  with  hydrofluoric  acid 1*824  per  cent. 

By  fusion  with  sodium  carbonate 1*756       '^ 

Difference -068 

The  loss  is  therefore  very  small.  The  scapolite  from  Bipon  is 
not  easily  decomposed  by  sulphuric  acid.  In  an  experiment 
conducted  by  Mr.  Comstock  in  this  laboratory,  two  grams  of 
the  finely  pulverized  mineral  were  treated  with  concentrated 
sulphuric  acid  for  three  hours  and  a  half  at  a  temperature  be- 
tween 160*^  and  200®  C,  but  only  a  trace  of  chlorine  was  given 
oJflF.  Dr.  Schafhautl  also  states  that  at  a  red  heat  every  trace  of 
chlorine  was  expelled  from  his  mineral,  and  that  some  of  the 
chlorides  were  aissolved  out  by  water.  That  such  is  not  the 
case  with  all  scapolites  is  seen  from  the  following  experiments 
conducted  on  the  same  material  from  Bipon  :  -87  of  a  gram  was 
heated  to  intense  whiteness  in  a  platinum  crucible  and  fused 
down  to  a  transparent,  colorless,  vesicular  mass.     It  lost  5*178 
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per  cent,  but  the  residue  gave  a  heavy  precipitate  with  silver 
nitrate  when  examined  by  Rosens  method.  It  was  found  that 
only  a  very  small  quantity  of  the  chlorides  escaped  at  a  high 
red  heat,  a  white  heat  being  required  to  expel  them  in  large 
quantity,  although  even  at  that  temperature  some  remain  as 
proved  by  the  last  experiment.  About  half  a  gram  of  the 
finely  powdered  mineral  was  treated  with  cold  distilled  water 
for  about  forty-five  hours,  but  not  a  trace  of  the  chlorides 
went  into  solution.  The  scapolites  mentioned  in  the  table, 
which  contain  the  highest  percentage  of  chlorine,  are  generally 
sound  and  undecomposed.  Two  specimens  of  the  Ripon  min- 
eral, with  little  or  no  luster,  were  found  to  contain  less  chlorine 
than  an  undecomposed  specimen  with  a  high  lustre.  Fuchs 
states  that  the  "  Porzellanspath,"  examined  by  him,  lost  a  por- 
tion of  its  chlorides  on  decomposition.  The  specimen  from 
Hull,  which  contained  only  "202  per  cent,  was  almost  entirely 
devoid  of  lustre  and  contained  carbon  dioxide.  It  is  therefore 
highly  probable  that  chlorine  is  lost,  and  not  gained  by  the 
decomposition  of  the  scapolite  minerals. 

It  is  possible  that  in  some  cases  at  least  the  failure  of  scapo- 
lites to  give  a  good  formula,  may  be  due  to  the  fact  that  suffi- 
cient alkali  to  combine  with  the  undetermined  chlorine  present 
has  not  been  deducted  before  attempting  to  deduce  the  formula. 

My  best  thanks  are  due  to  Professor  Allen,  who  has  kindly 
directed  this  investigation. 
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I.  Physics. 

1.  On  the  Formation  of  Mountains  and  the  Secular  Cooling 
of  the  Forth  ;  by  G.  H.  Darwin.— The  letters  of  Mr.  Wallace 
and  Mr.  Fisher  in  Nature,  vol.  xix,  pp.  121,  172,  244,  267,  raise 
the  question  as  to  whether  or  not  it  is  possible  that  the  interior  of 
the  earth  can  be  cooling  more  rapidly  than  the  exterior.  The 
following  is  an  attempt  to  answer  tne  query  as  to  where  the  loaa 
of  temperature  per  unit  of  time  is  greatest. 

Sir  W.  Thomson  (see  Thomson  and  Tait,  "  Nat.  Phil.,*'  App.  D) 
considers  the  cooling  of"  a  solid  extending  to  infinity  in  all  direc- 
tions, on  the  supposition  that  at  an  initial  epoch  the  temperature 
has  had  two  different  constant  values  on  the  two  sides  of  a  certain 
infinite  plane."     The  solution  given  is — 

2V 


"="«+^;r/^^^*%""'& 


where  k  denotes  the  conductivity  of  the  solid,  measured  in  tenns 
of  the  thermal  capacity  of  the  unit  of  bulk;  V]  half  the  difference 
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of  the  two  initial  temperatures :  t^^,  their  arithmetical  mean :  t^  the 
time ;  as,  the  distance  of  any  point  from  the  middle  plane ;  v,  the 
temperature  of  the  point  x  at  time  t 

Tne  above  solution  shows  that  for  all  values  of  the  time  when 
xz=,0^v=zv^^  so  that  the  temperature  at  the  medial  plane  is 
constant. 

Then  differentiating  v  with  regard  to  the  time  we  have — 

^dv V        X      kt 

'^'^  2is/(nk)  ^ 

This  expression  is  that  required  for  the  rate  of  cooling.  We  now 
wish  to  find  where  it  is  a  maximum.  Consider  the  function 
ze'^*  ;  this  is  clearly  a  maximum  when  log  z-z^  is  a  maximum, 

and  by  the  ordinary  rules  this  is  a  maximum  when  ^=22,  or 

dv 
when  2^:=^.     Hence  it  follows  that  — ^  ^^^  i^^  maximum  value 

where  a;*=2A:^.    Now  when  the  unit  of  length  is  a  foot  and  of 

time  a  year,  k  =  400 ;  hence  x  =  \/800^. 

This  formula  shows  that  the  seat  of  the  maximum  rate  of  cool- 
ing moves  inward  as  the  time  increases.  II  the  time  which  has 
elapsed  from  the  initial  state  be  two  hundred  million  years,  or 
1  =  2X10^,  we  have  fl;=  400,000  feet,  or  a  little  less  than  eighty 
miles. 

Sir  W.  Thomson  shows,  in  his  paper  on  the  Secular  Cooling  of 
the  £arth,  that  the  solution  of  his  ideal  problem  will  be  very 
nearly  correct  for  the  case  of  the  earth,  which  is  supposed  to  be  a 
hot  sphere  cooling  by  radiation.  It  follows,  therefore,  from  the 
namei*ical  result  which  is  given  above  that  the  seat  of  the  maxi- 
mum ratio  of  cooling  must  probably  be  something  like  100  miles 
below  the  earth's  surface.  It  does  not,  of  course,  necessarily  fol- 
low that  the  seat  of  the  maximum  rate  of  contraction  of  volume 
should  be  identical  with  that  of  the  maximum  rate  of  cooling; 
yet  it  seems  probable  that  it  would  not  be  very  far  removed 
from  it. 

The  Rev.  O.  Fisher  very  justly  remarks  that  the  more  rapid 
contraction  of  the  internal  than  the  external  strata  would  causS 
a  wrinkling  of  the  surface,  although  he  does  not  admit  that  this 
can  be  the  sole  cause  of  geological  distortion.  The  fact  that  the 
region  of  maximum  rate  of  cooling  is  so  near  to  the  surface 
recalls  the  interesting  series  of  experiments  recently  made  by  M. 
Favre  (of  which  an  account  appeared  in  Nature,  vol.  xix,  p.  103), 
where  all  the  phenomena  of  geological  contortion  were  reproduced 
in  a  layer  of  clay  placed  on  a  stretched  india-rubber  membrane, 
which  was  afterwards  allowed  to  contract.  Does  it  not  seem 
possible  that  Mr.  Fisher  may  have  under-estimated  the  contracti- 
oility  of  rock  in  cooling,  and  that  this  is  the  sole  cause  of  geologi- 
cal contortion  ? — Nature^  Feb.  6. 
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2.  On  Binaural  Audition* — In  a  recent  number  of  the  Phil- 
osophical Magazine  (March,  1879),  Stbinhausbk  discusses  the 
theory  of  direct  Binaural  Audition.  Some  of  his  conclusions  are 
stated  as  follows : 

(1.)  The  direction  in  which  a  source  of  sound  is  situated,  may 
be  estimated  by  the  different  intensities  with  which  a  sound  ispe^ 
ceived  in  the  two  ears.  (2.)  The  standard  of  each  individual  for  the 
perception  of  the  direction  of  sounds  is  dependent  upon  the  angle 
>tf,  that  is,  the  angle  included  between  the  effective  surfaces  of  the 
pinna)  of  the  ears  and  the  line  of  sight  (3).  The  smaller  the 
angle  included  between  the  line  of  sight  and  the  surfaces  of  the 
pinnae,  the  more  certain  will  be  the  perception  of  the  direction  of 
sound.  (4.)  We  hear  best  with  the  two  ears  when  the  sound 
reaches  us  from  the  front  in  the  line  of  sight.  (5.)  PersoDB 
equally  hard  of  hearing  in  one  ear  must,  in  order  to  hear  as  wdl 
as  possible,  turn  the  better-hearing  ear  the  more  towards  the 
speaker  in  proportion  as  the  angle  which  the  surfaces  of  their 
pmnae  make  with  the  line  of  sight  is  less.  (6.)  The  power  of  pe^ 
ception  of  the  direction  of  a  sound  is  not  vitiated  by  an  equal 
hardness  of  hearing  in  both  ears.  (7.)  For  most  persons  the  angle 
P  (above  defined)  is  less  than  30°,  which  explains  the  well-known 
position  assumed  by  the  listener  who  turns  one  ear  towards  the 
source  of  sound.  (8.)  We  hear  binau rally  the  best,  relatively, 
when  the  source  of  sound  is  situated  in  that  plane  in  which  are 
situated  the  line  of  sight  and  the  line  joining  the  middle  points  of 
the  pinnae  ("plane  of  best  hearing")  and  the  best,  absolutely, 
when  it  is  situated  in  the  line  of  sight.  (9.)  In  the  case  of  hea^ 
ing  a  sound  coming  from  above  or  below,  we  are  able  to  estimate, 
from  the  relative  intensities  with  which  the  sound  is  perceived  in 
the  two  ears,  the  azimuth  of  the  rays  of  sound  as  projected  upon 
the  plane  of  best  hearing. 

The  last  principle  explains  the  method  which  we  pursue  to  dis- 
cover the  position  of  a  source  of  sound  whose  situation  is  unknown, 
and  which  consists  in  a  motion  of  the  head. 

For  example,  to  find  a  source  of  sound  situated  anywhere  abovt, 
we  have  only  to  turn  the  head  about  a  vertical  axis  until  we  hear 
equally  with  both  ears  and  with  the  greatest  total  intensity. 
Then  the  line  of  sight  coincides  with  the  horizontal  projection  of 
the  direction  of  the  sound.  The  head  must  then  be  turned  up- 
wards about  a  horizontal  axis  at  right  angles  to  the  line  of  sight, 
as  long  as  the  intensity  of  the  sensation  increases.  When  this 
reaches  its  maximum,  and  is  equally  great  for  both  ears,  then  the 
source  of  sound  must  be  situated  in  the  line  of  sight.  And  here 
we  must  remark  on  the  essential  importance  of  the  actual  con- 
ditions— that  the  ears  and  eyes,  being  alike  attached  to  the  head, 
share  its  movements,  and  that  they  are  situated  at  almost  the 
same  height  above  the  ground. 

Should  we  perceive  a  falling-off  in  the  intensity  of  the  sound  on 
raising  the  head,  this  would  be  an   indication  that  the  source  of 

*  See  this  Journal,  January,  18.9,  p.  64. 
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sound  is  situated  below  the  plane  of  best  hearing,  and  that  we 
should  be  able  by  sinking  the  head  to  bring  the  source  of  sound  into 
the  line  of  sight  in  the  manner  just  described  for  a  sound  above 
the  head. 

It  is  intelligible  and  natural  that,  where  (as  in  an  instrument  for 
measuring  altitude  and  azimuth)  we  have  two  separate  motions 
of  rotation  at  rieht  angles  to  one  another,  it  is  immaterial  whether 
the  movements  in  the  two  directions  be  executed  separately  or  by 
a  simultaneous  motion  of  the  head.  This  occurs,  for  example, 
when  we  try  to  find  a  lark  which  we  ma^  hear  singing  above  a 
field.  We  raise  the  head,  making  an  arbitrary  guess  at  the  posi- 
tion of  the  lark  in  the  sky.  Then  we  turn  the  head  about,  led 
meanwhile  by  ear  until  we  hear  equally  well  with  the  two  ears 
and  with  the  greatest  possible  intensity;  and  simultaneously  we 
perceive  the  lark  in  the  line  of  sight.  We  do  not,  therefore,  as  it 
might  be  conjectured  in  this  case,  seek  for  the  source  of  sound  by 
means  of  the  eyes,  but  by  means  of  the  ears. 

3.  77ie  Faraday  Lecture  before  the  Fellows  of  the  London 
Chemical  Society^  November  12,  1878,  by  Professor  Ad.  Wubtz 
of  Paris,  is  published  at  length  in  the  January  number  of  the 
Journal  of  this  society.  The  subject  chosen  was  '*  Constitution  of 
Matter  in  the  Gkiseous  State,"  and  is  significant  after  the  discus- 
sions of  the  fundamental  principles  of  modem  chemistry  which 
have  taken  place  in  the  French  Academy,  and  to  which  we  have 
before  referred  in  these  pages.  The  lecture  was  an  elementary 
exposition  of  the  dynamical  theory  of  the  constitution  of  matter, 
and  of  the  conception  of  molecules  and  atoms  which  this  theory 
involves,  and  which  Professor  Wurtz  fully  accepts  as  the  theoreti- 
cal basis  of  the  philosophy  of  chemistry.  The  lecture  was  illus- 
trated, and  its  chief  interest  centers  in  one  of  the  experiments, 
which,  as  it  would  seem,  gave  a  very  difierent  result  from  that 
obtained  by  M.  Troost  from  a  series  of  similar  experiments, 
noticed  on  page  821  of  voL  xvi.  III,  of  this  Journal.  Into  the 
space  above  the  mercury  of  one  barometer-tube  chloral-hydrate 
was  evaporated,  while  the  similar  space  of  a  second  tube  was  filled 
with  the  vapor  of  chloroform.  Into  both  of  these  atmospheres 
crystallized  potassic  oxalate  was  then  introduced.  Very  soon  a 
depression  of  the  mercury  column  indicated  that  the  water  of 
crystallization  of  the  salt  bad  evaporated  into  the  dry  vapor  of 
chloroform,  while  the  constancy  of  level  in  the  first  tube  showed 
that  into  the  vapor  of  chloral-hydrate  no  such  evaporation  had 
taken  place.  Hence  the  conclusion  that  the  space  above  the 
mercury  in  the  first  tube  was  already  saturated  with  free  aqueous 
vapor,  and  therefore  that  chloral-hydrate  must  become  disassocia- 
ted when  it  evaporates.  By  a  reference  to  loc.  cit.  the  bearing  of 
this  experiment  will  be  more  plainly  seen,  and  the  contradiction 
presented  will  serve  to  enforce  the  lesson,  there  suggested,  that 
exceptions  to  a  law  so  well  established  as  that  of  the  equality  of 
molecular  volumes  in  the  aeriform  state  ought  always  to  be  very 
closely  scrutinized. 
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At  the  same  time  with  the  address  of  Professor  Wurtz  we  ha?e 
before  us  a  similar  address  by  Professor  Bayer,  the  successor  of 
Liebig  at  Munich,  and  one  of  the  most  distinguished  representa- 
tives of  the  German  School  of  Organic  Chemistry.  It  was 
delivered  before  the  Konigl.  Akademie  der  WisseDSchaften  on  the 
occasion  of  the  birthday  of  King  Ludwig  of  Bavaria,  and  is 
reprinted,  with  no  flattering  comments,  by  Professor  Kolbe  in  the 
December  number  of  the  Journal  filr  prakt  Chemie.  The  nominal 
subject  of  the  address  was  "  Chemical  Synthesb,"  and  we  should 
have  expected  that,  before  such  an  audience,  the  eminent  chemist, 
who  had  so  recently  made  the  synthesis  of  indigo  blue,  would 
have  dwelt  on  the  philosophy  of  the  method  by  which  this  great 
result  had  been  obtained ;  and,  certainly,  the  circumstances  coih 
nected  with  the  synthesis  both  of  indigotine  and  of  alizarine  illus- 
trate most  strikingly  the  great  value  of  even  the  conventioDal 
forms  of  a  well  grotmded  "  working  hypothesis''  in  guiding  scientific 
investigation.  But,  so  far  from  this,  the  address  was,  for  the  most 
part,  another  popular  exposition  of  the  same  subject  treated  by 
Professor  Wurtz,  and  it  contains  such  grotesque  fancies  that  we 
can  scarcely  credit  that  the  words  we  read  were  actually  addressed 
to  a  learned  society,  even  if  in  open  session.  We  read  of  systems 
of  atoms  branching  like  trees — as  if  they  were  objects  of  natural 
history ;  of  the  possibility  that  the  molecules  of  the  diamond  are 
large  enough  to  be  seen  with  a  microscope,  and  to  be  isolated  by 
mechanical  pulverizing ;  of  the  molecules  of  marsh-gas  as  attain- 
ing sufficient  velocity  to  carry  them  beyond  the  sphere  of  the 
earth's  attraction,  and  that  the  exhalations  of  our  marshes  may 
thus  contribute  to  form  those  cometary  masses  in  which  the  spec- 
troscope has  discovered  the  presence  of  carbon.  It  would  seem 
as  if  the  purpose  of  the  address  were  to  bring  the  molecular  theory 
into  disrepute  by  a  "  reductio  ad  absurdum ;"  and  while  we  cannot 
but  regret  the  rude  manner  in  which  Professor  Bayer  has  been 
ridiculed  in  the  reprint  to  which  we  have  referred,  the  address 
certainly  invites  criticism,  and  shows  how  absurd  a  good  "  working 
hypothesis"  may  be  made  to  appear  if  we  insist  on  realizing  its 
conventional  and  temporary  forms.  No  partial  truths  will  bear 
such  treatment,  and  these  two  addresses  seem  to  us  worthy  of 
notice  in  this  place  as  pointing  out  very  clearly  the  only  legiti- 
mate use  of  theory  which  forms  the  basis  of  our  modem  chemical 
philosophy.  j.  p.  c 

4.  Experimental  determhiation  of  the  velocity  of  Light;  by 
A.  A.  MicuELsoN,  U.  S.  N.,  Instructor  in  Physics  and  Chemistry 
in  the  United  States  Naval  Academy. — In  a  former  number  of  this 
Journal  (May,  1878,  p.  394)  a  brief  description  is  given  by  Mr. 
Michelson  of  a  new  method  for  the  experimental  determination  of 
the  velocity  of  light.  It  is  based  upon  the  method  of  Foucault  so 
modified,  as  there  described,  as  to  admit  of  the  use  of  any  distance 
between  the  mirrors,  and  a  correspondingly  increased  displacement 
of  the  reflected  image.  This  method  has  since  been  put  to  use  by 
the  dcscriber.     In  his  experiments  the  speed  of  the  mirror  was  IdC 
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turns  per  second,  the  radius  of  measurement  from  fifteen  to  thirty 
feet,  and  the  distance  between  the  mirrors  600  feet.  The  displace- 
ment varied  from  0*3  inch  to  0*63,  or  about  twenty  times  that  of 
Foucault.  The  mean  of  ten  determinations  for  the  velocity  of 
light  in  air  was  186,608  feet,  the  extremes  being  184,600  and 
188,820.  The  author  expresses  the  hope  of  being  able,  under 
more  favorable  conditions,  to  obtain  the  true  result  within  a  few 
miles. — (Amer.  Assoc.  Adv.  Science^  St.  Louis  meeting^  1878.) 

11.  Geology  and  Mineralogy. 

1.  Note  on  Mountain -making  by  tJie  Contraction  of  the 
EartKs  crust ;  by  J.  D.  Dana. — A  method  of  reproducing  on  a 
small  scale  the  folding  and  fracturing  of  strata  has  been  contrived 
by  Professor  A.  Favbe,  of  Geneva  (Nature,  of  Dec.  6,  from  La 
Nature).  He  employs  a  stretched  sheet  of  caoutchouc,  to  which 
day  in  thin  layers  has  been  made  to  adhere,  and  allows  it  grad- 
ually to  contract  to  its  natural  condition.  The  figures  of  the  re- 
sults, which  he  has  published,  represent  foldings,  faultings  and 
croshings  that  look  much  like  some  of  the  effects  in  the  world  of 
rocks. 

Mr.  H.  F.  Walling,  of  Cambridge,  in  a  paper  on  the  relation 
of  adhesion  to  horizontal  pressure  in  mountain  dynamics,  read 
before  the  American  Association  at  St.  Louis  in  August,  1878,  and 
published  recently,  suggested,  still  earlier,  essentially  the  same 
mode  of  experimenting. 

There  are  two  general  facts  with  regard  to  actucU  mountain- 
making  that  are  not  in  accordance  with  the  results  which  the 
caoutchouc  affords. 

(1.)  Contraction  in  the  earth's  crust  from  cooling  must  have  gone 
ou  continuously  through  time,  with  local  differences,  especially  be- 
tween the  continental  and  oceanic  areas,  but  still  continuously ; 
and  therefore  the  effects,  if  like  those  on  the  caoutchouc,  should 
have  occurred  all  along  the  ages  over  the  globe.  But  the  fact  is, 
that  mountain-making  has  occurred  over  the  continents  only  alter 
a  very  long,  quiet  interval  in  which  there  were  no  disturbances 
beyond  those  from  gentle  oscillations.  Geology  has  found  that, 
for  North  America,  from  the  Atlantic  south  of  New  York  to  the 
Rocky  Mountains,  and  as  the  facts  now  stand,  to  the  Pacific, 
there  was  but  one  mountain -making  epoch  between  the  close  of 
Archsean  time  and  the  beginning  of  the  Triassic  era ;  and  that 
this  occurred  at  or  near  the  termination  of  Paleozoic  time.  Thus, 
for  the  larger  part  of  the  broad  continent,  at  least  three-fourths  of 
all  geological  time  after  the  ArchsBan — amounting  to  seventy-five 
millions  of  years,  if  the  whole  covered  one  hundred  millions — 
passed  without  any  mountain-making  disturbance,  the  greatest  of 
which  there  is  evidence,  being  that  which  raised  the  Lower 
Silurian  about  Cincinnati  and  to  the  northeast  and  southwest. 
Daring  all  that  long  time  the  sedimentary  deposits  were  slowly 
thickening  over  the  underiying  crust,  and  lay  like  the  clay  over 
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the  caoutchouc,  but  this  supercrust  was    nowhere  bent  up  into 
steep  folds  or  bold  wrinkles  through  the  contraction   in  progress. 

Tnere  was  probably  disturbance  and  mountain-making  in  the 
Green  Mountain  region  after  the  close  of  the  Lower  Silnrian ;  and 
it  is  possible  that  effects  of  the  same  disturbance  will  be  found 
along  the  eastern  part  of  the  Appalachian  region  farther  south. 
But,  if  so,  the  general  truth  remains  the  same  ;  for  the  close  of 
the  Lower  Silurian  occurred  about  half  way  between  the 
Archaean  and  the  close  of  the  Carboniferous,  making  the  antece- 
dent period  of  quiet,  on  the  above  estimate  of  time,  nearly  forty 
millions  of  years.  Over  the  Rocky  Mountain  region  it  is  not  yet 
proved  that  any  great  disturbances  occurred  at  either  of  these 
eras,  the  first  in  the  Wahsatch  and  Uintah  region  taking  place 
not  before  the  close  of  the  Cretaceous. 

(2.)  The  folds  often  have  all  the  steeper  inclinations  fiacing 
in  one  direction  and  the  less  steep  in  the  opposite,  showing  that  the 
results  of  the  pressure  were  unlike  in  the  two  opposite  directions. 
The  well  known  facts  in  the  Appalachians,  as  first  announced  by 
Professor  Rogers,  abundantly  illustrate  this,  and,  also,  those  in 
the  Jura  Mountains. 

The  results  obtained  with  the  contracting  caoutchouc  correspond 
in  one  respect  with  rock-flexures,  and  it  is  a  point  not  always 
considered  by  those  who  speculate  on  mountain -making.  In 
mountain  regions  the  flexures  in  the  earth's  strata  are  not,  with 
very  rare  exceptions,  represented  by  like  flexures  in  the  contract- 
ing crust.  The  former  are  generally  between  one  and  twenty 
miles  in  span ;  and  the  earth's  crust  could  not  have  been  thin 
enough  at  the  close  of  the  Paleozoic,  when  the  Appalachians  were 
formed,  to  liave  made  such  narrow  tendings. 

2.  N^otea  on  the  Coral  Reefs  of  the  Island  of  Itaparica^  Bahia, 
and  of  Parahyha  do  Norte  ;  by  Richard  Rathbun. — In  the 
American  Naturalist  for  July,  1876,  I  gave  a  short  description  of 
the  coral  reef  skirting  the  outer  shore  of  the  island  of  Itaparica, 
in  the  bay  of  Bahia,  Brazil.  From  a  further  examination  of  the 
reef  and  a  study  of  the  specimens  procured  from  it,  I  am  able  to 
add  a  few  items  of  interest  to  those  previously  given.  I  also  wish 
to  call  attention  to  the  existence  of  another  reef,  similar  to  that  of 
Itaparica,  to  the  south  of  the  entrance  to  the  Rio  Parahyha  do 
Norte.  It  was  explored  by  Mr.  John  Bran ner  of  the  Geological 
Commission.  In  shape  and  structure,  as  well  as  in  the  paucity 
of  coral  life  upon  it,  this  last  agrees  very  closely  with  the  Itaparica 
reef.  It  follows  the  trend  of  the  shore,  at  a  short  distance  from 
it,  and  between  the  reef  and  the  shore  there  is  an  average  depth 
of  water  of  about  six  or  seven  feet  only.  The  upper  and  outer 
portions  of  tlie  reef  are  very  irregular,  but  the  inner  part  is  com- 
paratively smooth.  No  large  corals  are  living  upon  it;  at  the 
northern  end  were  collected  a  few  small  specimens  of  Pontes, 
and  toward  the  south  a  few  Millepores,  Symphyllia  (?),  and 
Pontes.  Much  of  the  bottom  surrounding  the  reef  is  very  rich  in 
coral  growth.     No  sections  were  obtained  giving  us  a  clue  to  its 
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stmcture,  which  is,  however,  probably  the  same  as  that  of  the 
Itaparica  reef. 

in  my  former  description  of  the  Itaparica  reef  I  stated  that, 
while  the  lower  portion  was  plainly  made  up  in  large  part  of  true 
corals,  the  upper  part  appeared  to  contain  only  nuUipores.  I  have 
since  found  that  the  worm  tubes  covering  the  surface  of  the  reef 
enter  very  largely  into  its  structure,  probably  to  as  great  an 
extent  as  the  nnllipores,  and  give  rise  to  an  exceedingly  hard, 
calcareous  rock  from  which,  ultimately,  all  traces  of  the  worm- 
tube  structure  disappear.  The  worm- tubes  and  nullipores  evi- 
dently compose  the  entire  upper  half  of  the  reef.  The  nullipores, 
in  the  upper  portions,  so  far  as  my  observations  went,  were  all  of 
the  encrusting  lichen  kind,  and  resulted  in  a  compact  structure, 
showing  a  sort  of  wavy  lamination  which  is  due  to  the  successive 
growths  of  nullipores.  The  large  digitate  nullipores,  so  common 
at  Pemambuco  and  at  many  places  in  the  Bay  of  Bahia,  are 
limited  to  the  lower  part  of  the  reef,  where  they  are  associated 
with  the  true  corals.  At  present  nullipores  are  living  in  abun- 
dance only  on  the  outer  side  of  the  reef,  to  a  height  of  about  one 
foot  above  medium  low  tide.  Above  the  line  of  nullipores  we 
find  the  entire  upper  surface  of  the  reef  coated  with  a  layer  of 
living  worm  tubes  and  large  barnacles.  The  latter  are  generally 
broken  off  by  the  waves  when  dead,  but  the  former  remain,  pro- 
ducing a  loose  structure  near  the  surface,  which  becomes  more 
compact  below.  The  existence  of  nullipores  in  this  upper  portion 
indicates,  however,  that  they  lived  on  top  of  the  reef  at  no  dis- 
tant time,  and  probably  also  that  the  reef  has  been  elevated  to  a 
slight  extent  since  then. 

Within  the  reef  the  water  is  very  shallow,  being  deepest  near 
the  reef  and  especially  at  and  around  the  openings  through  it ; 
it  gradually  shallows  inward  toward  the  beach.  The  bottom  of 
this  shallow  inner  channel  is  covered  with  sand  and  fragments  of 
all  sizes  of  corals  and  shells.  Corals  were  not  found  in  an  upright 
position  in  this  channel,  nor  do  living  corals  exist  there  at  all. 
The  coral  fragments  are  all  old,  frequently  much  worn,  and  almost 
invariably  covered  with  nullipore  and  oryozoan  growths,  also 
dead.  They  form  beds  of  considerable  thickness  in  places,  often 
more  or  less  consolidated,  and  are  dug  up  to  burn  for  lime.  The 
species  discovered  among  the  fragments  are  all  found  living  in 
Tarious  parts  of  the  bay,  excepting  Muaaa  IlarUii^  which  does 
not  apparently  live  at  present  anywhere  in  the  Bay  of  Bahia. 
This  extensive  accumulation  of  broken  corals,  which  must  have 
been  formed  by  the  breaking  off  and  heaping  up  of  living  corals 
from  the  surface  of  the  reef  by  the  breakers,  when  the  reef  was  at 
a  lower  level,  testifies  to  the  exceeding  richness  of  the  coral  life  at 
that  time.  Corals  have  apparently  ceased  to  be  reef-builders  in 
the  Bay  of  Bahia. 

8.  Semi-metamorphic  fossiliferous  rocks  containing  Serpentine, 

— Dr.  J.  W.  Dawson  mentions  facts  on  this  subject  from  which  the 

following  are  cited. 

Am.  Joob.  Bci.— Thtkd  Sians,  Vol.  XVn,  No.  100.— April,  1S79. 
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On  the  Saguenay  River,  at  Lake  Cbebogamong,  there  is  a  band 
of  Berpentine  associated  with  limestone;  and  Mr.  Richardson 
obtained  there  a  fossil  tabulate  coral  which  has  part  of  it«  cells 
filled  with  serpentine,  and  also  veins  of  serpentine  intersecting  it. 
The  species  is  Astrocerium  pyriforme^  a  species  very  common  in 
the  Upper  Silurian  limestones  of  the  region  in  which  it  occurs, 
and  characteristic  especially  of  the  Niagara  formation.  The  for- 
mation containing  the  serpentine  and  limestone  ^'  is  described  as 
consisting  of  chloritic  slates,  in  some  places  with  hornblende 
crystals,  dolomites,  and  hard  jaspery  argillaceous  rocks." 

At  Melbourne,  in  the  province  of  Quebec,  rocks,  referred  by 
Logan  to  the  Quebec  group,  pass  upward  into  a  thick  series  of 
hydromica  schists,  associated  with  quartzose  bands  and  lenticular 
layers  of  crinoidal  limestone.  Over  these,  according  to  Logan, 
lies  serpentine  in  thick  beds  (undoubtedly  bedded  rocks  and  not 
"eruptive")  with  other  hydromica  schists,  limestone  breccia,  are- 
naceous beds,  beds  of  anorthite,  steatite,  dolomite  and  red  slates. 
The  serpentine  in  the  line  of  strike  passes  into  dolomite  and  red 
slate.  Fossils  occur  in  the  limestone  interstratified  with  the  ser- 
pentine, and  also  disseminated  serpentine.  The  fossilB  are  "  cri- 
noidal joints,  fragments  apparently  of  Stenopora^^  and  tubular 
bodies  which  may  be  portions  of  Hyolithea  or  Theca^  having  an 
interior  of  calcite  and  a  coating  of  serpentine.  The  cells  of  the 
fossils  are  sometimes  filled  with  the  serpentine ;  and  the  crinoidal 
joints  are  surrounded  by  it,  with  dolomite  within. 

Slices  of  these  specimens,  and  those  of  other  localities,  were 
made  by  Mr.  Weston  when  under  the  direction  of  the  late  Sir 
W.  E.  Logan.  The  other  localities  include  Stamford,  Farnbam, 
Cleveland,  Bedford,  Oxford,  Athabaska,  Point  Levi,  Riviere 
du  Loup,  in  most  of  which  Lower  Silurian  fossils  occur  associated 
with  hydrous  silicates. 

A  locality  at  Pole  Hill,  in  New  Brunswick,  discovered  by  Mr. 
C.  Kobb,  has  afforded  specimens  consisting  of  "  fi-agments  of  cri- 
noids  and  shells  finely  injected  with  an  olive-green  hydrous 
silicate  of  alumina,  iron  and  magnesia.  In  one  shell,  apparently 
an  Orthoceras  or  T/ieca,  the  dark  green  filling  has  cracked  in  the 
manner  of  Septaria  Fas  often  true  of  crinoidal  stems  in  the  Sub- 
carboniferous  of  the  Mississippi  valley]  and  the  fissures  have  been 
filled  with  carbonate  of  lime. 

4.  The  Physical  History  of  the  Triassic  Formation  of  New 
Jersey  and  the  Conriecticut  Valley ;  by  L  C.  Russeij.  (Ann.  N.  Y. 
Acad.  Sci.,  i,  220-254). — The  author,  after  giving  some  account  of 
the  Triassic  formation  of  New  Jersey  and  tlie  Connecticut  Valley, 
discusses  the  origin  of  the  westward  dip  of  the  former  and  eastward 
of  the  latter.  He  adopts  the  hypothesis,  suggested  by  Professor 
Kerr  for  the  Trias  of  North  Carolina,  and  by  Professor  F.  H. 
Bradley  for  the  regions  of  which  Mr.  Russell  treats,  that  the  New 
Jersey  and  Connecticut  beds  are  opposite  parts  of  an  anticlinal 
He  holds  also  that  the  sandstone  was  once  continuous  over  the 
whole  intermediate  region.     The  view  is  sustained  on  the  ground 
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that  the  dip  of  the  sandstone  is  in  opposite  directions  in  the  two 
areas — 10°  to  16°  northwestward  in  >f  ew  Jersey,  6°  to  50°  [averag- 
ing 15°]  to  the  eastward  and  southeastward  in  the  Connecticut 
Valley ;  and  on  the  view  of  a  conglomerate  on  the  western  border 
of  the  former  and  eastern  of  the  latter,  whence  it  is  inferred  that 
here  were  the  coast  lines  of  the  great  estuary.  Calculations  from 
the  dip  give  him  for  the  thickness  of  the  sandstone  25,000  feet, 
the  consideration  of  faults  in  the  beds  being  rejected  by  the  author 
as  without  "  plausible'*  support. 

The  hypothesis  has  objections,  some  of  which,  as  they  appear 
to  the  writer,  are  here  stated. 

(1)  A  thickness  of  25,000  feet  of  water-made  sandstone  over  an 
area  of  metamorphic  rocks  more  than  100  miles  in  width,  large 

{)ortions  of  which  are  now  several  hundred  feet  above  the  sea- 
evel,  implies  a  subsidence  of  this  region  of  over  26,000  feet,  during 
the  formation  of  the  sandstone,  or  else,  this  depth  of  water. 

(2)  It  implies  also  an  elevation  of  the  whole  region — 100  miles 
wide  between  the  eastern  and  western  limits — not  only  to  this 
amount,  25,000  feet,  but  enough  higher  to  give  the  average  pitch 
of  15°  eastward  in  the  eastern  sandstone  and  10°  to  16^  in  the 
western.  For  a  width  in  the  Connecticut  Valley  of  fifteen  miles 
(the  area  averages  twenty),  the  dip  produced  by  the  alleged  up- 
lifting if  only  14° — supposing  no  faults — would  put  the  western 
side  of  the  Connecticut  Valley  20,000  feet  above  its  eastern;  and 
the  site  of  New  York  City,  on  the  eastern  16,000  or  20,000  feet 
above  its  present  level,  with  26,000  feet  of  sandstone  over  it. 
How  much  higher  such  an  elevation  would  place  the  central  por- 
tion of  the  region  between  the  Connecticut  Valley  and  New 
Jersey,  the  reader  can  calculate.  Mountains  on  the  globe  at  the 
present  day  are  small  in  comparison. 

(3)  The  hypothesis  asks  for  an  incredible  amount  of  denuda- 
tion ;  crystalline  rocks  of  great  depth  as  well  as  sandstone,  over 
an  area  more  than  fifty  miles  wide  having  to  be  removed,  and  the 
surface  brought  down  to  its  present  level 

(4)  The  southern  limit  of  the  Connecticut  Valley  sandstone 
area  is  north  of  the  northern  limit  of  the  New  Jersey.  The  New 
Jersey  area  cannot,  therefore,  be  on  the  opposite  margin  of  the 
sandstone  region  to  that  of  the  Connecticut  Valley.  That  there 
should  have  been  an  opposite  side  to  the  Connecticut  Valley  anti- 
clinal, the  New  Jersey  Trias  should  have  extended  up  the  Hud- 
son River  to  Albany,  N.  Y.,  120  miles  north  of  its  most  northern 
point,  Albany  being  in  the  same  latitude  with  its  northern  limit 
in  the  Connecticut  Valley;  and  hence  the  whole  of  western 
Massachusetts  as  well  as  of  Connecticut,  and  all  of  Eastern  New 
York,  south  of  Albany,  including  the  Green  Mountain  region, 
must  have  been  raised  to  the  enormous  altitude  referred  to  ;  and, 
besides,  the  sandstone  must  have  since  been  removed  from  the 
whole  so  that  no  trace  was  left,  with  the  exception  of  the  South- 
bury  basin.  Further,  the  opposite  side  of  the  New  Jersey  part  of 
the  arch  must  have  been  somewhere  out  in  the  Atlantic  south  of 
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Long  Island ;  and  this  island  must  have  participated  in  the  up- 
ward bend. 

It  is  however  to  be  admitted  that,  with  the  snggested  method 
of  accounting  for  the  dip  in  the  Connecticut  Valley  sandstone, 
there  was  no  need  of  any  sandstone  in  the  Hudson  River  Valley; 
and,  no  need,  in  fact,  of  any  sandstone  over  the  intermediate 
region  of  crystalline  rocks  between  that  valley  and  the  New 
Jersey  area. 

(5)  No  evidence  of  such  an  anticlinal,  or  of  the  supposed 
amount  of  erosion,  exists  excepting  this — that  the  sandstone  of  the 
Connecticut  Valley  dips  eastward,  and  that  of  New  Jersey,  situ- 
ated wholly  to  the  south  of  the  southern  limit  of  the  Connecticut 
Valley  area,  dips  northwestward,  at  the  angles  stated. 

The  existence  of  a  conglomerate  along  the  eastern  border  of  the 
Connecticut  area  can  be  accounted  for  on  the  usual  view — that  this 
area  in  Triassico-Jurassic  times  was  a  Connecticut  Valley  estuary, 
at  the  termination  of  the  Connecticut  Kiver,  and  had  its  violent 
floods,  which  may  have  been  for  part  of  the  time  enlarged  by  the 
waters  and  ice  of  a  semi-glacial  era — quite  as  well  as  by  that  of 
its  being  the  eastern  part  of  a  much  larger  estuary ;  and  even 
better. 

The  features  of  the  Connecticut  Valley  beds  afford  other  argu- 
ments ;  but  it  is  not  necessary  to  bring  them  up  at  this  time. 

J.    D.   B. 

6.  Geological  Survey  of  Pennsylvania. — ^The  following  vol- 
umes containing  Reports  of  Progress  of  this  survey,  have  been 
recently  issued,  in  addition  to  that  by  Mr.  C.  A.  Ashburneb 
mentioned  on  a  former  page  of  this  volume.  They  show  great 
activity  in  the  Survey. 

I.  Report  of  Progress  of  Bradford  and  Tioga  Counties  (G),  272 
pp.  8vo,  with  maps  and  sections;  including:  1.  on  the  Limits  of  the 
Catskill  and  Chemung  formations,  by  A.  Sherwood  ;  2.  Descrip- 
tions of  Coal  fields,  by  F.  Platt  ;  and  3,  on  the  Coking  of  Bitu- 
minous Coal,  by  J.  Fulton. 

II.  Report  of  Progress  in  Indiana  County  (HHH),  by  W.  G. 
Plait,  316  pp.  8vo,  with  a  colored  map  of  the  County.     1878. 

III.  Catalogue  of  the  Geological  Museum^  Part  I,  Rock  speci- 
mens.    218  pp.  8vo.     1878. 

IV.  The  Brown  Hematite  Deposits  of  the  Siluro- Cambrian 
limestones  of  Lehigh  County^  lying  heticeen  IShimersviUe,  Millers- 
town,  Schnecksville,  Ballietsville^  and  the  Lehigh  Hiver  (DD),  by 
Frederick  Prime,  Jr.;  100  pp.  8vo,  with  5  map-sheets  and  5 
plates.  1878. — Professor  Prime,  shows  that  the  rocks  of  the 
region,  above  the  Laurentian,  are,  in  succession,  (1)  the  Potsdam 
sandstone;  (2)  a  Siluro-Carabrian  magnesian  limestone,  which  has 
afforded  Chazy  fossils,  besides  an  Orthoceras  and  Lingulie  too 
imperfect  for  determination ;  (3)  Damourite  (Ilydromica)  slates, 
all  in  general  conformable;  also  (4)  the  Trenton  limestone,  as  a 
direct  continuation  of  the  magnesian  limestone,  the  beds  affording 
encrinital   stems   identical   with    those    found   in    Northampton 
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County  overlying  characteristic  Trenton  fossils ;  and  (5)  Hudson 
River  slates,  also  conformably  continuous  with  the  preceding. 
Professor  Prime  treats  also  of  tne  origin  of  limonite  beds  associated 
with  the  damourite  slates,  and  of  other  points  in  the  geology  of 
the  region.  His  method  of  determining  the  aee  of  the  crystalline 
schists  by  means  of  the  fossils  in  the  con&rmably  associated 
strata  gives  positive  results. 

V.  Special  R^ort  on  the  Trap-Dykes  and  Azoic  Hocks  of 
SotUheasteni  Pennsylvania  (E),  by  T.  Stebry  Hunt.  Part  I.  His- 
torical Introduction.  254  pp.  8vo.  1878. — ^This  Historical  Intro- 
duction is  a  general  exposition  and  re-statement  of  the  author's 
views  on  the  ^'  Azoic,''  Cambrian  and  Silurian  rocks,  of  this  and 
other  countries,  and  the  application  of  lithology  to  classifying  and 
fixing  the  age  of  the  various  crystalline  rocks,  besides  notes  on 
eruptive  rocks,  along  with  a  historical  account  of  former  views  on 
these  and  other  subjects,  and  a  statement  of  the  observations  from 
various  sources  that  appear  to  favor  the  views  set  forth.  It  is 
valuable  as  a  definite  exhibition  of  the  present  state  of  such  views 
iu  the  science,  and  of  the  arguments — not  always  just  to  the 
observations  of  others — by  which  they  are  sustained.  The  prog- 
ress of  the  science  will  show  how  much  of  truth  there  is  in  them. 

J.  D.  D. 

6.  Report  of  the  Geological  Survey  of  Ohio.  Vol.  IH,  Geology 
and  Pakeontology,  Part  I,  Geology,  964  pp.  8vo. — This  large 
volume  consists,  after  its  Preface  by  Professor  J.  S.  Newbebby, 
the  head  of  the  Survey,  of  a  Review  of  the  Geological  Structure 
of  Ohio  by  Professor  dewberry,  and  chapters  on  the  Geology  of 
different  counties  by  the  same,  and  the  Assistant  Geologists,  Messrs. 
J.  J.  Stevenson,  M.  C.  Head,  A.  W.  Wheat,  Edward  Obton, 
John  Hussey,  F.  C.  Hill,  A.  C.  Lindemuth,  J.  T.  Hodge  and 
H.  Herzeb,  with  supplemental  Reports  by  E.  B.  Andbbws  and 
E.  Orton. 

From  Professor  Newberry's  Review  we  take  the  following 
conclusions. 

The  Cincinnati  group  does  not  represent  the  Hudson  River 
group  of  New  York,  but  the  whole  Trenton  series,  including  the 
Trenton  limestone  and  Hudson  River  group. 

Many  fossils  of  the  Oriskany  sandstone  in  Canada  West,  as 
Spirifera  arenosa^  S.  arrecta^  liensellaeria  ovoidesy  and  Avicula 
arenosa  are  found  mingled  with  Favosites  Gothlandica^  Zaphrentis 
prolijica^  Conocardium  trigonale^  Platyceras  nodosum^  and  many 
other  well  known  fossils  of  the  Comiferous  limestone,  which  facts, 
in  addition  to  the  entire  absence  of  Upper  Silurian  species,  prove 
the  Oriskany  to  be  much  more  closely  allied  to  the  Devonian  than 
to  the  Silurian. 

The  "  Black  shale  "  or  "  Huron  shale"  of  the  Devonian  is  made 
up  of  the  black  shales  of  the  Lower  Portage  and  the  Genesee.  In 
the  shale,  besides  the  gigantic  Dinichthys^  the  jaw  of  a  large 
Placoderm  has  been  obtained  which  has  been  referred  to  a  new 
genus,  DiplognathiiSy  also  a  new  species  of  DinichthySj  a  new 
Ctenacanthus^  and  several  of  Cladodus. 
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The  Yolame  contains  much  of  great  yalae  to  the  science  that 
would  be  here  cited  but  for  the  limited  space. 

7.  Journal  of  a  7'ot/r  in  Marocco  and  the  Great  Atlas  ;  by- 
Sir  Joseph  Dalton  Hooker,  President  R.S.,  etc.,  and  John 
Ball,  F.R.S.; — with  an  Appendix  ificluding  a  sketch  of  the  Geology 

Marocco;  by  George  Maw,  F.G.S.,  etc.  499  pp.  8vo.  Lon- 
1878.  (Macmillan  &  Co.). — This  volume  contains  an  account 
of  a  journey  made  by  Sir  Joseph  Hooker,  Mr.  Ball  and  Mr.  Maw 
in  1871  to  a  region  which,  as  the  preface  remarks,  was  then  little 
better  known  to  geographers  than  it  was  in  the  time  of  Strabo  and 
Pliny.  The  general  account  of  the  journey,  occupying  the  first 
848  pages,  contains,  besides  incidents  by  the  way,  much  informa- 
tion on  the  features,  vegetation,  and  people  of  the  country.  It  is 
followed  by  Appendixes  on  the  Geography  of  the  region,  by  John 
Ball ;  on  its  economic  plants,  a  companson  between  the  Flora  of 
the  Canary  Islands  and  of  Marocco,  and  between  that  of  Tropical 
Africa  and  of  Marocco,  by  J.  D.  Hooker;  on  the  Mountain  Flora 
of  two  valleys  of  the  Great  Atlas,  by  J.  Ball ;  on  the  Geology  of 
the  plain  of  Marocco  and  the  Great  Atlas,  by  George  Maw. 

The  geological  chapter  contains  much  on  the  glacier  phenomena 
of  the  Atlas  region.  "  (Jnquestionable  moraines"  were  observed 
in  the  province  of  Reraya,  at  a  height  of  6,000  feet,  where  was  a 
"  gigantic  ridge  of  porphyry  blocks,"  "  with  no  admixture  of  small 
fragments,"  800  to  900  feet  m  vertical  height,  damming  up  the  deep 
ravine.  The  beds  of  bowlders  flanking  the  northern  escarpment  of 
the  Atlas  plateau  spread  downward  in  great  mounds  and  undulat- 
ing ridges  from  a  height  of  3,900  feet  to  the  borders  of  the  plain 
1,900  feet  above  the  sea;  and  the  moraines,  commencing  at  a  height 
of  5,800  feet,  stretch  up  the  Atlas  ridge  to  a  height  of  between 
7,000  and  8,000  feet.  Behind  the  moraines,  at  6,200  feet,  there 
was  observed  a  plain  of  shingle,  which  seemed  to  be  the  bed  of  a 
small  lake.     At  present  there  is  not  even  perpetual  snow  on  any 

f)art  of  the  Atlas  range.  Since  the  era  of  the  glaciers,  the  coast 
ine  has  been  raised  at  least  seventy  feet,  as  indicated  by  raised 
beaches  at  Mogador  "  which  may  possibly  be  cotemporaneous 
with  raised  beaches  on  the  coasts  of  Spain  and  Portugal."  A 
slight  subsidence  of  the  coast-line  is  stated  to  be  now  going  on. 

8.  Anmial  Report  of  the  State  Geologist  of  New  Jersey^  for 
1878.  132  pp.  8vo. — The  prominent  feature  of  this  Report  is  a 
chapter  on  tne  "  Glacial  and  Modified  Drift"  of  the  State,  which 
is  illustrated  by  a  large  map,  showing  the  surface  covered  by  the 
drift,  the  course  of  the  "  terminal  moraine,"  and  the  "  Oak 
Lands  "  and  "  Pine  Lands."  It  treats  also  of  the  soils  of  the 
State,  clays  and  their  compositions,  clay  deposits,  glass  sand,  pro- 
gress of  the  topographical  survey  of  the  State,  and  gives  analyses 
of  some  iron  ores  and  limestones. 

9.  Geological  Record  for  1876;  an  account  of  works  on 
Geology^  Mineralogy^  and  Palfjcontology ^  published  during  the 

year;   with  supplements  for  1874  and  1875.     Edited  by  Wm. 
Whitaker,  B.  a.,  F.G.S.,  of  the  Geological  Survey  of  England. 
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416  pp.  8vo.  London,  1878.  (Taylor  &  Francis.) — ^The  third 
volume  of  the  Geoloeical  Record  is  fully  up  to  its  predecessors 
in  scope  and  thoroughness.  The  value  of  the  work,  to  all  engaged 
in  the  sciences  included,  would  seem  to  be  so  obvious  that  it  is  a 
matter  of  surprine  and  regret  that  the  editor  should  be  compelled 
to  call  for  more  subscribers  to  insure  its  continued  success. 

1 0.  The  SCftdy  of  Rocks;  A  n  Elementary  textrhook  of  Petrology; 
by  Frank  Rutley,  F.G.S.,  of  the  Geological  Survey.  319  pp. 
12mo.  London:  1879.  (Longmans,  Green  &  Co.). — ^The  study  of 
rocks  by  the  microscope  is  now  recognized  as  so  important  a  part 
of  lithology  and  so  universally  employed,  that  an  English 
text-book  giving  the  methods  employed  cannot  fail  to  be  appre- 
ciated. The  work  is  about  equally  divided  between  the  descrip 
tion  of  methods  of  making  thin  sections  and  of  examining  them  m 
the  microscope,  the  description  of  the  rock-making  minerals,  and 
of  the  rocks  themselves.  Mr.  Rutley 's  work  is  a  convenient  one 
for  the  student.  It  is  not,  however,  free  from  errors ;  the  descrip- 
tion and  figure  on  page  94  show  that  the  mineral  referred  to  must 
be  microcline  and  not  orthoclase. 

11.  Ueber  die  Zusammensetzung  der  Lithionglimmer^  von  C. 
F.  Rammelsbbbq. — Professor  Rammelsber^  has  made  a  new  ex- 
amination of  the  lithia  mica,  lepidolite,  with  special  reference  to 
the  amount  of  alkalies  present.  He  finds  that  many  of  the  previ- 
ous analyses  are  incorrect  in  the  determination  of  the  lithia,  and 
in  this  respect  he  rejects  the  analyses  of  Berwerth  upon  which 
Tschermak  based  his  recent  conclusions  as  to  the  chemical  formula 
(this  Journal,  III,  xvii,  176).     For  the  lepidolite  of  Paris,  Me.,  and 

Rozena,  Rammelsberg  writes  the  formula  Rj  AlSi^O ,  q, — {Ber,  Ak, 
Berlin^  Oct.  28,  1878.)  e.  8.  d. 

12.  On  the  composition  of  Spodumene  and  Petalite;  by  C. 
DoBLTEs. — Dr.  Doelter  has  recently  analyzed  spodumene  from 
Norwich,  Mass.,  (1)  and  from  Brazil  (2)  with  the  following 
results : — 

SiO,         ^0,        FeO        CaO      MgO      Li,0    Na,0      K,0 

(1)  63-79      27-03      0*39      0*73     0*21     704     1*10     0-12=100-41 

(2)  68.34      27-66      1-16      069       .__     709     0*98        ..=100-91 

After  making  allowance  for  impurities,  he  obtains  for  the 
quantivalent  ratio  of  R :  Al :  Si=:l :  3 :  8  (instead  of  1:4:10  previ- 
ously accepted)  and  writes  the  formula  RjAlSi^O^g?  where  R=Li 
and  Na  in  the  ratio  of  16 : 1. 

The  composition  of  petalite  is  also  discussed  and  the  conclusion 

reached  that  is  expressed  by  the  formula  RgAlSi,^024,  ^"^  ^^® 
opinion  is  advanced  that  petalite  bears  the  same  relation  in  com- 
position to  spodumene  that  albite  does  to  anorthite.  e.  s.  d. 

13.  Cacoxenite  from  Lake  Superior,  (Communicated). — Mr.  E. 
Claassbn  of  Cleveland  has  identified  cacoxenite  on  the  martite 
of  Lake  Superior.  It  appears  in  brownish-yellow  acicular  crystals 
forming  radiating  tufts. 
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14.  -^1  tUaniferotis  Chrysolite, — M.  Damoub  has  described  a 
titaniferous  chrysolite  from  Zermatt,  Switzerland.  It  has  a  red 
color,  similar  to  that  of  almandine  garnet ;  6.=:3*27.  An  analysis 
afforded  SiO,  .36-14,  TiO^  610,  MgO  48-31,  FeO  689,  MnO  0-19, 
igD.  2'23=z99'86;  this  gives  almost  exactly  the  required  ratio  of 
1 :  1  for  bases  to  silicon. — {Bull,  Soc,  Min.  Fratice^  ii,  15.) 

16.  On  the  crystalline  system  of  PyrostUpjiite  (Firebiende). — 
Stbbno,  in  a  paper  devoted  to  a  thorough  crystallographic  descrip- 
tion of  some  silver  minerals  from  Chanarcillo,  Chili,  states  that 
pyrostilpnite  (feuerblende)  belongs  to  the  orthorhombic,  not  the 
monoclinic,  system.  The  conclusion  is  based  both  upon  the  meas- 
Bured  angles  and  the  optical  character. — {Jdhrb.  Min,,  1878,  897). 

16.  Die  Meteoritensammlvng  der  University  Odtlingen^  von 
C.  Klein. — The  collection  of  meteorites  at  Odttingen,  accoxding 
to  the  recent  catalogue  of  Professor  Klein,  is  one  of  the  great 
collections  of  the  world,  including  meteoric  stones  from  115  dis- 
tinct falls,  and  90  meteoric  irons  from  different  localities. 

17.  Enstatite  rock  from  South  Africa, — ^Professor  Maskelyne 
has  described  a  rock  from  two  localities  in  the  Transvaal,  South 
Africa,  consisting  solely  of  massive  enstatite.  This  is  a  kind  pre- 
viously not  recognized  in  lithology,  although  rocks  have  been 
known  which,  as  Iherzolyte,  contain  enstatite  as  a  prominent  in- 
gredient. 

III.  Botany  and  Zoology. 

1.  Polyembryony^  true  and  false,  and  its  relation  to  Partheno- 
genesis,— Strasburger  has  an  interesting  paper,  Ueber  Polyembry- 
onie,  in  the  Zeitschrift  ftlr  Naturwiseenschaft  of  Jena  (1878), 
which  we  know  as  yet  only  at  second  hand,  chiefly  from  a  notice 
in  the  Archives  des  Sciences  Phys.  et  Nat.  of  February,  1879. 

Strasburger's  researches  upon  the  fecundation  of  the  angiosper- 
mous  Phaenogams  show  that  the  embryo-sac  very  seldom  produces 
more  than  one  embryonal  vesicle  which  is  fecundated  or  capable 
of  being  fecundated.  The  single  constant  exception  to  this  rule, 
known  to  him,  is  that  of  Santalum  album  which  produces  two; 
and  one  or  two  Orchids  are  mentioned  in  which  the  embryonal 
vesicle  divides  into  two,  occasionally.  True  polyembryony  must 
therefore  be  very  rare  in  Angiosperms.  But  seeds  containing 
more  than  one  embryo  are  of  common  occurrence  in  oranges,  io 
Funkia,  Allium  or  Nothoscordum,  etc.  According  to  Strasbur- 
ger, all  supernumerary  embryos  in  such  cases  are  adventitious, 
originate  outside  of  the  embryo-sac  by  a  kind  of  prolification  in 
the  nucleus,  and  are  not  fecundated  at  all.  They  appear  in  the 
form  of  minute  cellular  protuberances,  which  lengthen  by  degrees 
and  push  into  the  embryo-sac  by  a  sort  of  hernia,  or  pierce  their 
way  into  it,  becoming  in  the  ripe  seed  veritable  embryos,  which  it  is 
not  easy  to  distinguish  from  the  one  resulting  from  the  fecundation 
of  the  embryonal  vesicle  itself.  Independent  as  these  adventive 
embryos  are  of  fecundation,  yet  Strasburger  could  not  obtain  them 
in  Nothoscordum  when  he  had  extirpated  the  stamens  before  an- 
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2Ris  and  prevented  access  of  pollen.  But  it  appears  that  CoBUh 
fjyne  is  just  a  case  of  this  kind,  namely,  one  in  which  an  adven- 
e  embryo  is  habitually  produced,  instead  of  the  normal  embryo 
lich  fails  from  the  want  of  fecundation,  the  male  plant  not 
ing  in  cultivation.  It  is  understood  that  this  is  not  a  mere 
^erence,  but  that  Strasburger  has  traced  the  development  of  the 
ibryonal  vesicle  in  the  ovule  of  Vodobogyne^  followed  by  its 
lure  and  resorption,  and  by  the  independent  production  of 
ventive  embryos  in  the  manner  above  described. 
This,  then,  gives  an  explanation  of  the  long-disputed  partheno- 
nesia  of  Coelohogyne^  and  therefore  of  the  less  notable  instances. 
Parthenogenesis,  it  is  then  concluded,  is  only  in  appearance ;  it 
sometimes,  and  perhaps  in  all  cases,  "a  prolification  of  the 
cleus."  Now  we  should  insist  that,  since  the  result  is  "  a  ven- 
ule embryo'*  (equivalent  in  structure,  position  of  radicle,  and 
imate  growth  to  the  true  embryo),  and  not  a  bud,  parthenogen- 
s  is  the  just  name;  that  the  very  interesting  and  important 
nclusion  attained  is  that  parthenogeny  results,  not  from  the 
velopment  of  an  unfecundated  embryonal  vesicle,  as  was  sup- 
sed,  but  from  a  development  of  other  and  extraneous  cells  into 
embryo;  also  that  it  is  not  very  rare,  since  the  adventive 
supernumerary  embryos  of  various  seeds  are  cases  of  this  par 
?uogeuy. 

Not  the  least  interesting  consideration  is,  that  we  have  here  a 
anterpart  of  what  Demry  terms  Apogamy, —  instead  of  an 
alogue  of  it.  Apogamy  is  a  vegetative  prolification  from  what 
3uld  normally  result  in  the  product  of  sexual  reproduction. 
^rtfienogeny  proves  to  be  the  inverse  of  this,  a  vegetative  pro- 
ction  in  the  ovule  of  the  proper  result  of  sexual  reproduction, 
::  embryo.  And  finally,  we  have  in  these  two  modes  taken 
rether — what  was  quite  to  be  expected — a  manifest  and  signifi- 
3t  narrowing  of  the  hiatus  between  vegetative  and  sexual  repro- 
ction,  which  Mr.  Darwin  may  turn  to  account. 
Some  applications  of  this  new  knowledge  may  be  made.  It  is 
ite  possible  that  more  embryos  than  we  are  aware  of  may  be 
ventive.  Rather  more  than  a  year  ago  we  gave  an  abstract  in 
8  Journal*  of  Mr.  Francis  Parkman's  interesting  paper  on  the 
bridization  of  Lilies.  It  may  be  remembered  that  the  greater 
rt  of  his  hybi-ids  exactly  reproduced  the  female  parent.  The 
planation  which  we  suggested  to  him,  and  which  he  refers  to  in  his 
per,  was,  that  those  plants  were  not  really  hybrids  at  all,  but  were 
•m  embryos  originated  without  male  influence.  What  then 
?med  to  us  the  least  improbable  explanation,  would  now  appear 
be  the  one  altogether  probable.  a.  g. 

2.  Notes  on  Enphorbiacem.  By  George  Bentham.  (Extr.  Jonr. 
an.  Society,  No.  100,  Dec,  1878,  vol.  xvii.  pp.  185-267).— This 
>ughtful  essay  jtresents  the  general  views  attained  to  by  Mr. 
ntham  on  workmg  up  the  genera  of  the  great  order  Euphorbia- 
B  for  the  ensuing  volume  of  the  Genera  Plantarum.     We  need 

♦  The  number  for  February,  1878,  p.  161. 
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not  specify  any  of  the  results,  except  to  indicate  the  author's 
decision  in  the  case  of  the  Buxece,  lie  does  not  follow  bis  pred- 
ecessors, Baillon  and  J.  Mueller,  who,  much  as  they  differ  in  other 
respects,  agreed  in  setting  up  the  order  Buxacem^  taking  their 
cue  from  Agardh,  and  making  much  of  the  dorsal  rhaphe.  Ben- 
tham  concludes  that  this  small  group,  however  well  defined,  ought 
not  in  a  general  view  to  be  regarded  as  of  higher  grade  than  one 
of  the  primary  divisions,  or  tribes,  of  Miphoroiacem,  We  are  not 
the  less  pleased  with  this  that  we  quite  expected  it. 

A  wider  interest  will  be  felt  in  Mr.  Bentham's  excursue  on 
nomenclature,  or  rather  on  some  questions  which  the  study  of 
Eaphorbiacem  brought  up,  and  which  some  recent  discussions  have 
made  pertinent.  The  general  laws  of  nomenclature  of  our  day, 
and  the  principles  on  which  they  rest,  are  laid  down  in  the  code 
which  was  reported  by  Alphonse  DeCandolle  to  the  Paris  Inte^ 
national  Convention,  in  the  year  1867,  and,  being  approved,  wa« 
published  with  a  commentary  in  the  autumn  of  that  year,  and  in 
an  English  translation  early  in  the  following  year.  The  laws, 
without  the  commentary,  were  printed  in  this  Journal  for  July, 
1868.  The  ten  years  succeeding  have  tested,  somewhat  tho^ 
oughly,  the  questions  (nearly  all  of  minor  moment)  upon  which 
differing  usages  prevailed ;  and  though  one  or  two  points  are  still 
mooted,  the  great  majority  of  pha>nogamous  botanists  are  coming 
to  be  of  one  mind  and  practice.  But,  as  Mr.  Bentham  remarks: 
"The  result  has  not  been  quite  effectual  in  checking  the  eve^ 
increasing  spread  of  confusion  in  synonymy.  Besides  the  young 
liberal-mfnded  botanists  who  scorn  to  submit  to  anv  rule  but  their 
own,  there  are  others  who  differ  materially  in  their  interpretation 
of  some  of  the  laws,,  or  who  do  not  perceive  that  in  following  too 
strictly  their  letter  instead  of  their  spirit,  they  are  only  adding 
needlessly  to  the  general  disorder.  In  the  application  as  well  as 
in  the  interpretation  of  these  rules  they  do  not  sufficiently  bear  in 
mind  two  general  principles;  first,  that  the  object  of  the  Lin- 
naean  nomenclature  is  the  ready  identification  of  species,  genera, 
or  other  groups  for  study  or  reference,  not  the  glorification  of  bot- 
anists ;  and  secondly,  that  changing  an  established  name  is  very 
different  from  giving  a  new  name  to  a  new  plant." 

It  is  to  the  latter  point  that  this  most  experienced  and  even- 
minded  botanist  addresses  himself.  "The  rule  that  long-estab- 
lished custom  amounts  to  prescription,  and  may  justify  the  main- 
tenance of  names  which  form  exceptions  to  those  laws  which 
should  be  strictly  adhered  to  in  naming  new  plants,  is  unfortunately 

now  frequently  ignored The  law  of  priority  is  an 

excellent  one ;  and  when  a  genus  or  species  has  been  well  defined 
by  an  early  botanist  in  a  generally  accessible  work,  but  has  sab- 
sequently  been  neglected,  and  the  plant  became  known  under 
other  names,  it  is  well  that  the  original  one  should  be  restored. 
.  .  .  .  On  the  other  hand,  it  creates  nothing  but  confusion  to 
suppress  a  generic  name,  well-characterized  and  universally 
adopted  by  long  custom,  in  favor  of  a  long-forgotten  one,  vaguely 
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designated  in  an  obscure  work,  oat  of  the  reach  of  the  threat 
majority  of  botanists The  greater  number  of  deck- 
er's genera  have  been  so  imperfectly  characterized,  with  so  absurd 
a  terminology,  that  they  are  quite  indeterminable ;  and  his  names 
deserve  to  be  absolutely  ignored,  except  in  the  very  few  cases 
where  Jussieu  or  other  early  French  botanists  have  succeeded  in 
identifying  them,  and  corrected  their  characters ;  but  even  then 
it  is  doubtful  whether  these  names  should  not  bear  the  date  of  the 
correction,  rather  than  of  the  original  work,  Adanson's  "  Fam- 
ilies," with  all  the  inconveniences  of  its  form  and  absurd  orthog- 
raphy, is  much  more  scientific,  and  many  of  his  genera  are  well 
defined,  and  have  therefore  been  properly  adopted.       .... 

Let  us  here  interject  a  practical  application.  There  is  an  old 
and  well-established  genus  Smilacina  of  Desfontaines.  There  is  a 
mach  older  genus  Tovaria  of  Ruiz  and  Pavon,  founded  in  1794, 
ever  since  accepted,  and  without  a  synonym.  Recently  Mr.  Baker 
of  Kew,  finding  that  Neckerhasa  Tovaria^  published  m  1700,  and 
therefore  four  years  earlier  than  that  of  Ruiz  and  Pavon,  takes  up 
this  name  in  place  of  Smilacina ^  and  leaves  a  new  name  to  be 
made  for  the  long-established  homonymous  genus.  It  will  be  said 
that  the  rule  of  priority  demands  the  sacrifice,  and  that  the  iden- 
tification of  Necker^s  genus  is  sure,  because  the  three  Linnsean 
species  of  ConnaUaria  which  properly  constitute  Desfontaines' 
iSmilacina  are  referred  to  it  by  name ;  and  that,  though  it  be  a  case 
of  summum  jus  summa  injuria^  the  injurious  consequence  is  a 
necessity.  But  Mr.  Bentham's  characterization  of  Necker's  work 
applies  even  to  this  instance.  Twice  over  Necker's  Tovaria  is 
described  as  having  a  perianth  of  five  sepals,  and  the  berry  is  said 
to  be  one-celled.  Desfontaines'  Smilacina^  on  the  other  nand,  is 
correctly  characterized.  Moreover,  if  we  do  not  include  this 
among  those  names  of  Necker  which,  Mr.  Bentham  savB,  "  deserve 
to  be  absohitely  ignored,"  we  may  yet  find  that  the  law  of  prior- 
ity has  another  claim  on  it.  In  1763  a  much  better  botanist  than 
Necker,  viz:  Adanson,  founded  a  genus  Tovara  (essentially  the 
same  name  as  Tovaria)  on  Polygonum  Virginiannni  L.,  which  is 
not  unlikely  to  be  taken  up  as  a  genus;  and  the  name  would  super- 
sede Necker's  by  the  same  rule  that  Necker's  supersedes  Desfon- 
tidnes'  Smilacina.  All  things  considered,  then,  this  is  a  case  for 
the  application  of  the  homely  but  useful  rule  Quieta  mm  movere  ; 
and  much  of  Mr.  Bentham's  pertinent  advice  may  be  condensed 
into  this  maxim.  But  there  remain  nice  questions  to  settle  with 
regard  to  the  names  and  extent  of  the  liliaceous  genus. 

"The  representing  the  Greek  aspirate  by  an  h  was  generally 
neglected  by  early  botanists;  but  now,  ever  since  DeCandolle 
altered  Elichrysum  into  Helichrysxim^  modern  purists  have 
insisted  upon  inserting  the  h  in  all  cases;  and  this  has  been  so 
(ar  acquiesced  in  that  it  is  difficult  now  to  object  to  it,  though  it 
has  the  effect  of  removing  so  many  generic  names  to  a  distant 
part  of  all  indexes,  alphabetical  catalogues,  etc.  Admitting  the 
propriety  of  adding  the  aspirate  in  new  names,  I  had  long  declined 
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to  alter  old  names  on  this  account ;  now,  however,  I  find  myself 
compelled  to  follow  the  current."  Which  is,  on  the  whole,  regret- 
able,  especially  as  Alph.  DeCandolle  would  hold  oat  with  him. 
See  the  latter^s  comment  on  his  Article  66,  in  which  the  remark  » 
dropped  that,  "  we  do  not  see  why  we  should  be  more  rigorous 
than  the  Greeks  themselves."  Oddly  enough,  these  same  writers 
who  must  supply  the  aspirate  to  the  e  omit  it  from  the  r,  and  write 
rachis  aud  rapJie^  instead  of  rhachia  and  rhaphe^ — which  is  exas- 
perating to  lovers  of  uniformity. 

It  is  unnecessary  here  to  cite  Mr.  Bentham's  appropriate  illus- 
tration of  the  indivisibility  of  the  two-worded  name  of  a  plant 
'rhe  proper  apprehension  of  this,  and  of  the  paramount  rale  that 
no  unnece»%ary  new  names  should  be  given  to  old  plants,  will  go 
far  to  rid  the  science  of  a  principal  remaining  ambiguity  in  nomeu- 
clature.  For  it  clearly  follows  that  when  a  plant  has  a  rightful 
name  under  its  proper  genus,  the  specific  half  of  it  is  not  to  be 
changed  because  of  any  earlier  specific  name  under  some  otber 
genus,  to  which  the  plant  does  not  belong.  a.  g. 

3.  Journal  of  a  Tour  in  Marocco  and  the  Cheat  Atla$,  By 
Joseph  Dalton  Hooker,  K.C.S.I.,  etc.,  and  John  Ball,  F.RSi, 
etc.  A  brief  notice  of  the  geological  appendix  in  this  work  is 
given  on  page  332.  We  add  here  a  few  words  on  the  botanical  re- 
sults. Sir  Joseph  Hooker  contributes  an  article  on  some  of  tbe 
economic  plants;  the  most  important  portion  of  which  relates  to 
the  Argan  tree,  the  natural  and  economical  history  of  which  is 
now  pretty  well  known.  The  narrative  contains  a  wood-cut  figure 
of  a  group  of  old  Argan  trees,  in  which  goats  are  seen  high  up 
amone  the  spreading  branches,  feeding  upon  the  fruit.  Of  higher 
scientific  interest  is  the  comparison  of  the  Canarian  fiora  with  the 
Maroccan  (of  which  we  cannot  here  undertake  an  abstract);  also 
the  comparison  of  the  Atlas  flora  with  that  of  the  mountains  of 
Grenada,  and  of  northern  Europe.  So  far  as  is  yet  known,  the 
north  European  or  Germanic  character  largely  preponderates  in 
it,  yet  absolutely  without  alpine  representatives.  These  last  prob- 
ably exist,  but  at  elevations  which  have  not  yet  been  reached.  It 
was  a  trying  experiencj  to  have  surmounted  a  pass  of  the  Great 
Atlas  range,  only  to  encounter  a  snow-storm,  and  to  be  obliged  to 
turn  back  without  reaching  the  higher  crests  so  near  at  hand. 
Mr.  Hall  has  worked  up  the  botanical  results  technically  and  sya- 
teniatically  in  his  Spicileginm  FlorcB  Maroccance,  which  nils  nearly 
600  pages  of  the  sixteenth  volume  of  the  Journal  of  the  linneao 
Society,  and  is  illustrated  by  twenty  plates. 

This  is  a  very  important  publication,  on  account  of  the  care, 
labor,  expense,  and  critical  investigation  which  are  bestowed 
upon  it,  not  to  speak  of  the  beauty  and  perfection  of  the  speci- 
mens; and  the  associated  authors  should  receive  the  best  thanb 
of  botanists.  a.  a 

4.  Eaton^s  Ferns  of  North  America.  — We  are  not  sure  that  we 
have  noticed  the  later  issues  of  this  work,  so  important  to  all  fern- 
people  and  botanists.     But,  in  any  case,  we  must  make  a  note  of 
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arts  12  and  13,  a  double  number,  which  has  just  conie  to  hand, 
le  plates  are  so  excellent.  As  to  the  letter-press,  this  is  always 
.tisfactory.  Aapidium  acrostichoides  is  well  represented,  and 
ell  colored.  The  same  would  be  said  of  Pteris  aquUina,  were  it 
)t  that  the  frond  looks  diminutive.  The  three  Asplenia  make  a 
le  plate.     But  the  fimire  of  A,  parvulum  is  stiff:  we  never  saw 

growing  bolt  upright,  and  the  difference  in  size  between  this 
id  the  other  two  is  not  made  sufficiently  manifest.  A  somewhat 
ore  northern  range  must  be  assigned  to  this  species.     We  found 

rather  common  in  the  mountams  of  the  southern  part  of  Vir- 
inia,  as  well  as  in  North  Carolina.  Adiantum  CapiUua-  Veneris^ 
le  subject  of  the  next  plate,  and  which  is  luxuriantly  delineated, 
18  just  now  come  in  from  the  same  region  in  Virginia, — a  dis- 
»very  by  Mr.  Sh river.  A,  emarginatum  would  have  been  per- 
ctly  presented  if  the  green  were  brighter  and  lucid.  The  three 
lecics  of  Nbtholcena  make  an  admirable  plate.  a.  g. 

5.  AlgfB  Amer.  Bor.  ExsiccatCB ;  bv  Farlow,  Anderson  & 
ATON,  Fa^c.  III. — The  third  Fasciculus  of  this  distribution  of 

oith  American  AlgsB  has  just  been  issued.  It  consists  of  only 
lirty  specimens,  covering  twenty-nine  species  and  one  variety. 
at  as  most  of  the  species  are  large  plants,  the  paper  used  is  of  the 
»lio  size  of  most  American  herbariums.  Twenty  of  the  AlgsB 
re  of  the  black  or  olive-green  series,  and  the  other  nine  are 
loridesB.  Among  the  rarer  kinds  are  Sargassum  pterpleuron, 
cm  Florida,  Postelsia  palmcBformia,  Pterygophora  Califomica^ 
Hctyoneuron  and  Nereocystis^  from  the  Pacific  Coast,  and  Sacco- 
iiza  dermcUodea,  from  the  coast  of  Maine.  The  FlorideaB  embrace 
sveral  of  the  large  Gigartinas  of  the  Pacific  shore,  and  three  or 
>ur  of  those  very  puzzling  forms  of  Callophyllia^  which  have  so 
»Dg  been  an  unsolved  riddle  to  the  students  of  this  class  of 
lants.  Dr.  Farlow,  who  has  done  nearly  all  the  work  of  identi- 
cation,  still  hesitates  to  acknowledge  the  presence  of  the  Euro- 
Ban  CaUophyllis  laciniata  on  the  coast  ot  California ;  but  then 
e  has  named  two  new  species  of  the  genus.  No.  127,  (J,  furcata^ 
ad  No.  129,  (7.  gracilarioidea. 

6.  On  the  Black  Mildew  of  Walls, — Professor  Leidy  remarked 
lat  in  the  number  of  "  Hardwicke's  Science  Gossip  "  for  August, 
resented  this  evening,  there  is  an  article  by  Professor  Paley  en- 
tled,  "Is  the  Blackness  on  St.  Paul's  merely  the  effect  of 
moke  ?''  According  to  the  author,  the  blackness  is  mainly  due 
>  the  growth  of  a  hitherto  undescribed  lichen,  which  appears  to 
ourish  on  limestone  and  in  situations  unaffected  by  the  direct 
lys  of  the  sun.  Professor  Leidy  continued,  that  his  attention 
ad  been  called  a  number  of  years  ago  to  a  similar  black  appear- 
oce  on  the  brick  walls  and  granite  work  of  houses  in  narrow 
laded  streets,  especially  in  the  vicinity  of  the  Delaware  River. 
Foticing  a  similar  blackness  on  the  bricks  above  the  windows  of 

brewery,  from  which  there  was  a  constant  escape  of  watery 
apor,  in  a  more  central  portion  of  the  city,  he  was  led  to  suspect 
lat  it  was  of  a  vegetable  nature.     On  examination,  the  black 
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mildew  proved  to  be  an  alga,  closely  allied  to  what  he  sappoeed 
to  be  the  Protococcus  viridis^  which  gives  the  bright  green  color 
to  the  trunks  of  trees,  fences,  and  walls,  mostly  on  the  more 
shaded  and  northern  side,  everywhere  in  our  vicinity.  It  probably 
may  be  the  same  plant  in  a  different  state,  bat,  until  proved  to  be 
so,  may  be  distinguished  by  the  name  of  Protococcus  lugvibris.  It 
consists  of  minute  round  or  oval  cells,  from  0"006  to  O-OOO*""  in 
diameter,  isolated  or  in  pairs  or  in  groups  of  four,  the  result  of 
division ;  or  it  occurs  in  short  irregular  chains  of  four  or  more 
cells  up  to  a  dozen,  occasionally  with  a  lateral  ofiaet  of  two  or 
more  cells.  The  cells  by  transmitted  light  appear  of  a  brownish 
or  olive-brownish  hue.  In  mass  to  the  naked  eye  the  alga  appears 
as  an  intensely  black  powder. — Proc,  Acad.  Nat.  Scu  PmkuL, 
Sept.  3,  1878. 

7.  On  two  Bermuda  fishes,  mistakenly  described  as  new;  by 
Dr.  A.  GtJNTHEB. — In  the  February  number  of  the  Annals  and 
Magazine  of  Natural  History,  pp.  160-151,  is  published  a  paper 
by  Dr.  A.  Gtlnther,  F.R.S.,  '*  On  two  new  Species  of  Fishes  from 
the  Bermudas."  The  species  which  he  names  Gerres  Janesii,  w$s 
described  by  me  in  this  Journal,  vol.  vii,  August,  1874,  p.  12S, 
under  the  name  JDiapterus  Lefroyi ;  that  called  by  him  Bdone 
Jonesii,  was  also  described  by  me,  under  the  same  name,  and 
dedicated  to  the  same  worthy  naturalist,  in  this  Journal,  vol.  xiv, 
October,  1877,  p.  295.  The  descriptions  harmonize  in  all  essential 
details,  and  I  have  myself  seen  the  specimens  which  were  subse- 
quently presented  by  Mr.  Jones  to  the  British  Museum,  though 
my  own  descriptions  were  drawn  up  from  other  specimens  col- 
lected by  myself  at  nearly  the  same  time  and  locality. 

Smithsonian  Institution,  Feb.  17,  1879.  G.  BROWNE  GOODS. 

8.  Alaska  Chitons  and  Limpets, — A  paper  on  this  subject,  by 
W.  H.  Dall,  giving  a  synopsis  of  the  genera  and  notes  on  the 
various  species  with  their  synonymy,  makes  a  number  of  the 
Bulletin  of  the  U.  S.  National  Museum.  It  is  illustrated  by  four 
plates,  and  some  wood-cuts,  representing  the  dentition  of  many  of 
the  species.  The  Bulletin  is  not  yet  separated  into  volumes,  and 
this  paper  is  No.  4  of  Mr.  Dall's  ''  Scientific  Results  of  the  Explo- 
ration of  Alaska,"  the  first  two  numbers  being  in  Proc.  PhiUd. 
Acad.,  1876. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  On  the  discovery  of  mhi^al  wax^  Ozoceritey  in  Utah;  by 
Professor  J.  S.  Newberry.  (From  a  letter  to  the  Editors.)— I 
have  obtained  some  of  the  recently  discovered  ozoceiite  in  Salt 
Lake  City  from  Professor  J.  E.  Clayton,  to  whom  also  I  am 
chiefly  indebted  for  such  information  as  I  have  in  regard  to  iti 
place  and  manner  of  occurrence.  He  writes  me  as  follows:  "The 
geographical  position  of  the  ozocerite  deposits  is  in  the  Wahsatch 
Range,  on  the  head  waters  of  the  Spanish  Fork,  east  from  the 
south  end  of  Utah  Lake.     The  material  has  been  found  saturating 
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»edB  of  brown  and  bluish  shales,  probably  of  Tertiary  age,  and  in 
aasses  of  various  dimensions  more  or  less  mingled  with  clay, 
rhese  shales  extend  from  the  San  Pete  valley  in  a  north-northeast 
lirection  for  a  distance  of  fifty  or  sixty  miles,  and  the  width  of 
he  area  or  basin  which  they  occupy  is  at  the  middle  point  about 
wenty  miles.  The  shale  beds  richest  in  parafiine  vary  in  thick- 
less  from  twenty  to  sixty  feet,  but  there  is  no  considerable  accu- 
nulation  of  that  substance  on  the  surface,  nor  would  this  be 
K>ssible,  as  it  would  be  destroyed  by  the  annual  fires  which 
weep  the  country.  I  examined  portions  of  this  region  two  years 
kgo  tor  coal,  and  found  in  the  oil  shales  a  few  thin  seams,  and 
AW  the  wax-like  exudation  in  several  places,  but  only  in  small 
[uantity." 

Other  parties  in  Salt  Lake  informed  me  that  the  paraffine  itself 
B  sometimes  twenty  feet  thick,  and  that  the  quantity  is  enormous ; 
>ut  Professor  Clayton  says  that  such  statements  are  not  authorized 
>y  any  facts  which  have  come  under  his  observation. 

In  the  above  remarks  I  have  called  the  earth  wax  of  Utah 
ozocerite.  As  it  has  been  stated  to  be  zietrisikite,  I  may  say  that 
m  my  return  from  the  west,  my  son  and  assistant,  Spencer  B. 
JJewberry,  made  a  series  of  careful  experiments  in  my  laboratory 
o  determine  its  true  nature,  comparing  it  with  the  description 
>f  these  hydrocarbons,  and  with  authentic  specimens  which  I 
lave  received  directly  from  Galicia.  He  found  that  it  had  a 
nelting  point  of  61*5*^  C,  that  it  was  completely  soluble  in  a 
arge  volume  of  boiling  ether,  and  that  boiling  alcohol  extracted 
Tom  it  twenty  per  cent  of  a  white,  wax-like  substance.  It  seems, 
lierefore,  to  be  certainly  ozocerite  and  not  zietrisikite ;  the  latter 
nelting  at  90^  C,  and  being  insoluble  in  ether. 

2.  'Hie  American  Antiquarian  :  A  Quarterly  Journal  devoted 
,o  early  American  History,  Ethnology  and  Archaeology,  edited 
>y  Rev.  Stephen  D.  Peet.  Cleveland,  Ohio.  (Brooks,  Schinkel  & 
Jo.). — The  third  number  of  this  new  Journal  was  published  in 
fanuary,  1879;  among  other  papers  it  contains  one  on  native 
American  Architecture,  by  E.  A.  Barber,  which  is  illustrated  by 
leveral  figures  of  Colorado  Cliff  houses.  The  Journal  is  well 
^ited  and  promises  to  be  of  value  to  all  interested  in  Archaeology. 

3.  Wanaerings  in  South  America^  the  Northwest  of  the 
United  States  and  the  Antilles^  in  theyears  1812, 1816, 1820, 1824 ; 
>y  Charles  Waterton,  Esq.  New  edition,  edited  with  bio- 
naphical  introduction  and  explanatory  index,  by  the  Rev.  B.  G. 
wood.  620  pp.  8vo.  London,  1879.  (Macmillan  &  Co.). — The 
rolume  of  *'  Waterton's  Wanderings  "  was  first  published  in  1825, 
ind  since  that  time  it  has  afforded  pleasure  and  profit  to  a  large 
lumber  of  readers.  In  the  present  edition  the  original  account  is 
eft  unaltered,  but  to  this  are  added  a  full  and  appreciative  biog- 
■aphy  of  the  author,  by  the  Rev.  B.  G.  Wood,  and  a  valuable 
Explanatory  Index,  covering  150  pages,  in  which  information  is 
;iyen  in  regard  to  the  many  unusual  animals,  birds  and  trees, 
neotioned  m  the  body  of  the  work. 
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4.  A  Real  Telegraph. — A  Dew  invention  of  a  really  practical 
character,  not  a  mere  ^'  paulo  post  futnrum*'  invention  like  many 
we  have  beard  of  lately,  has  just  been  made  by  Mr.  E.  A.  Cowper, 
the  well-known  mechanical  engineer.  It  is  a  real  telegraphic 
writing  machine.  The  writer  in  London  moves  his  pen,  and 
simultaneously  at  Brighton  another  pen  is  moved,  as  though  by 
a  phantom  hand,  in  precisely  similar  curves  and  motions.  The 
writer  writes  in  London,  the  ink  marks  in  Brighton.  We  have 
seen  this  instrument  at  work,  and  its  marvels  are  quite  as  startling 
as  those  of  the  telephone.  The  pen  at  the  receiving  end  has  all 
the  appearance  of  being  guided  by  a  spirit  hand.  The  apparatus 
is  shortly  to  be  made  public  before  the  JSociety  of  Telegraph 
Engineers. — Nature^  Feb.  6. 

5.  l^he  chemical  composition  and  physical  properties  of  Sted 
Rails. — Dr.  C.  B.  Dudley,  Chemist  of  the  Pennsylvania  Railroad 
Company,  has  made  an  extended  investigation  of  the  relation 
between  the  chemical  composition  of  steel  rails  and  their  power 
to  withstand  wear,  and  in  view  of  the  great  practical  importance 
of  the  subject  his  results  cannot  fail  to  have  a  high  value.  Some 
of  his  conclusions  are : — that  high  phosphorus  is  inconsistent  with 
safety ;  that  the  silicon  should  be  as  low  as  is  consistent  with  the 
successful  working  of  the  Bessemer  process ;  that  the  best  range  of 
carbon  is  0*25  to  0*35  per  cent,  and  of  manganese  from  0*30  to 
0*40  per  cent.  He  also  concludes  that  the  wearing  power  of  steel 
rails  does  necessarily  increase  with  their  greater  hardness. — ( IVam. 
Inst.  Min.  JSngineers^  vol.  vii.) 

6.  IVie  Meteorologist^  published  monthly  in  the  interest  of  the 
Science  of  Meteorology.  Vol.  i.  No.  1,  March,  1879,  J.  M.  L 
Stump,  editor,  Greensburg,  Pa.  An  eight-page  journal  devoted 
to  meteorology. 

7.  The  Faleontologist.  No.  3,  Jan.  15,  1879,  Cincinnati  Con- 
tains description  ot  new  species  of  fossils  from  the  Lower  and 
Upper  Silurian  rocks  of  Ohio,  by  U.  P.  James. 

OBITUARY. 

Professor  Gustav  Leonhakd,  of  Heidelberg,  died  December  27, 
1878.  He  was  well  known  as  the  author  of  works  on  Mineralogy 
and  Geognosy,  and  as  editor  with  Professer  H.  B.  Geioitz,  of  the 
Neues  Jahrbuch  ftlr  Mineralogie,  Geologic  und  Paleontologie. 

On  the  extent  and  significance  of  the  Wisconsin  Kettle  Moraine,  bj  T.  G.  Cbam* 
berlain,  A.M.,  State  Geologist  and  Professor  of  Greology  in  Beloit  College  (Tnuu. 
Wise.  Academy  of  Sciences.) 

On  the  Annelida  Chffitopoda  of  the  Virginian  Coast,  by  H.  E.  Webster  (Tranflac* 
tions  of  the  Albany  Institute,  vol.  ix,  January,  1879.) 

Apuntes  relatives  a  los  Huracanes  de  las  Antillas  en  Septiembre  j  Octubre  de 
1875  y  1876 ;  Discurso  leido  en  la  real  Academia  de  Ciencias  Medicas,  FisicMy 
Naturales  de  la  Habana  en  Sesion  del  9  de  Septiembre  de  1877  j  siguientes;  ptf 
el  socio  de  merito  Kdo,  P.  Benito  Vifies,  S.  J.,  Director  del  ObserTatorio.  25  > 
pp.  8vo.     Havana,  1878. 

The  Local  GeologQr  of  Davenport,  Iowa;  by  Rev.  W.  H.  Barris  (Dayenport 
Academy  Natural  Sciences,  Sept.,  1876).  New  Fossils  from  the  Oomileraiu  fVv> 
mation  at  Davenport  (ibid.,  Oct.,  1878). 
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XLL — Eocperiments  in  Gross-Breeding  Plants  of  the  same 
variety;  by  Professor  W.  J.  Bjcal. 

LY  in  the  spring  of  1877,  the  writer  received  the  first 
of  Darwin's  book  on  **The  EflFects  of  Cross  and  Self- 
ition  of  Plants."  The  book  seemed  to  be  a  most  in- 
re  production,  one  which  has  not  been  excelled  in  impor- 
D  the  farmer  by  any  work  in  this  or  in  any  age.  But,  in 
rds  of  the  Gardener's  Chronicle,  "  It  is  certain  that  these 
Ell  results  will  be  a  long  time  filtering  into  the  minds  of 
rho  will  eventually  profit  most  by  them."  If  the  results 
iraluable,  and  if  it  will  take  a  long  time  to  reach  the 
5,  this  **  filtering"  process  cannot  begin  too  soon,  nor  be 
itinuously  kept  before  them.  The  writer  lost  no  time  in 
similar  experiments  on  several  of  our  cultivated  plants, 
es,  onions,  Indian  corn  and  beans. 

irimenls  with  Indian  corn, — Yellow  dent  com  was  ob- 

from  two  men  in  different  portions  of  Michigan.     In  one 

e  corn  had  been  kept  ten  years  or  more  on  the  same 

nd  in  the  other  case  fifteen  years  or  more  on  the  same 

In  both  cases  the  corn  was  much  alike.     The  two  lots 

were  planted  in  alternate  rows  in  a  plot  by  itself.     The 

one  set  of  rows  were  all  cut  ofi^,  thus  securing  a  perfect 

►n   those  stalks.     Seed  from  this  cross  was  saved  and 

1  to  compare  with  corn  not  so  crossed.     The  yield  from 

ssed  seed  exceeded  the  yield  of  that  not  crossed,  as  one 

d  and  fifty-three  (153)  exceeds  one  hundred  (100). 

dng  black  wax  beans. — There  were,  as  shown  in  the  plat 

eight  short  rows  two  feet  apart  with  the  plants  finally 

1  on  July  10th,  to  five  plants  about  fifteen  inches  apart 

UK.  Sci.— Third  Skribs,  Vol.  XVIL— No.  101,  Mat,  1S79. 
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in  the  row.  The  seed  for  half  the  rows  (alternating)  is  called 
**  old  stock,"  and  was  raised  in  the  garden  the  previous  year 
from  seeds  which  descended  from  those  raised  on  the  place  for 
nine  years  or  more. 

The  "crossed  stock"  was  obtained  as  follows :  in  1877,  some 
seeds  of  the  same  variety  of  beans  were  purchased  of  James 
Vick.  These  were  planted  in  a  drill  evenly  mixed  with  seeds 
of  the  old  stock.  These  grew  and  looked  alike,  but  the  flowers 
were  inter-crossed  by  bees.  Seeds  of  this  crop  are  termed 
"crossed  stock." 

On  May  81,  1878,  fifteen  seeds  were  planted  in  each  of  the 
eight  rows.  The  plants  from  the  crossed  seeds  were  generally 
much  the  largest  and  as  will  be  seen  kept  green  the  longest. 

In  ten  days  after  planting,  seeds  of  the  old  stock  came  up  in 

each  row  as  follows : 4,    7,    7,    9=27 

In  ten  days  the  crossed  stock  came  as  follows:  12,  10,    6,  11=39 

In  seventeen  days  the  old  stock  came  as  follows:     7,  11,  10,  10=38 

"  "      "  crossed "  **       "  12,  13,  10,  14=49 

On  July  22,  the  pods  fit  for  cooking  on  each  plant  numbered 
as  follows.  The  pods  on  the  two  lots  of  plants  were  about 
alike  in  size. 


41 

79 

130 

103 


Old  stock 

36 

1 

dead 

7 

13  =  67 

Crossed  stock 

dead 

0 

0 

41 

0  = 

Old  stock 

0 

0 

8 

0 

11  =  19 

Crossed  stock 

6 

22 

34 

0 

17  = 

Old  stock 

30 

0 

0 

0 

0  =  30 

Crossed  stock 

41 

37 

21 

31 

0  = 

Old  stock 

0 

0 

0 

0 

2=2 

Crossed  stock 

16 

29 

30 

26 

2  = 

Total  old  stock  =108 

Total  crossed  stock  =  353 


This  variety  is  greatly  raised  for  the  purpose  of  supplying 
an  early  crop  of  beans  to  eat  pods  and  all  while  young.  The 
difference  will  be  seen  to  be  over  three  to  one  in  favor  of  the 
crossed  stock. 

On  August  9,  the  pods  fit  for  cooking  or  past  that  condition 
were  as  follows : 

Old  stock  52       60        dead     43  45  =  200 

Crossed  stock     dead     24  16       51  83  =  174 

Old  stock  38       46  44       71  37  =  236 

Crossed  stock       35       52  58       69  62  =  276 

Old  stock  39       34  30       47  87  =  237 

Crossed  stock        63       48  11       66  61  =  249 

Old  stock  38       46  54       33  39  =  210 

Crossed  stock       38       90  52       88  81  =  340 

Total  old  stock  =    883 

Total  crossed  stock  ^  1048 
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On  or  before  September  16,  all  were  harvested.     The  pods 
on  each  plant  numoered  as  follows : 


Old  stock 

60 

62       dead      45      39  =  206 

CrosAed  stock 

dead 

160         54          29    139  = 

Old  stock 

45 

48         86*        71      37  =  237 

Crossed  stock 

36 

145          91          72      51  = 

Old  stock 

45 

35         37          38     35t=r  190 

Crossed  stock 

108 

68         55        128      75  = 

Old  stock 

30 

39         48          28      40  =  185 

Crossed  stock 

136 

159          58        172    128  = 

Total  old  stock        =    818 
Total  cross  stock     =  1859 

882 
395 
429 
653 


On  comparing  the  table  for  August  9th,  with  that  for  Sep- 
tember 16,  it  will  be  seen  that  some  plants  of  the  old  stock  had 
lost  part  of  their  fruit  This  was  on  account  of  the  decay  of 
101  pods.  The  table  also  shows  that  two  branches  were  broken 
and  bad  died  before  maturing.     These  contained  78  pod& 

Adding  101  and  78  to  818,  we  have  992  pods  of  the  old, 
against  1859  of  the  crossed.  In  harvesting,  all  those  pods 
badly  damaged  were  rejected.  The  beans  of  the  old  stock 
weigned  29*77  ounces  avoirdupois,  those  of  the  crossed  stock 
weighed  70*83  ounces  avoirdupois,  or  nearly  in  the  proportion 
of  100  to  236. 

The  diflFcrence  would  be  a  little  less,  if  we  allow  for  the 
broken  plants  and  decayed  pods  on  the  old  stock.  One  plant 
of  the  old  and  one  plant  of  the  crossed  stock  died  early  and 
produced  no  fruit 

Six  lots  of  50  beans  each,  were  taken  at  random  from  the 
old  stock  and  weighed  as  follows : 

50  seeds     281  grains.  50  seeds     260  grains. 

50  seeds     262  grains.  50  seeds     259  grains. 

50  seeds     270  grains.  50  seeds     284  grains. 

Total,  1,616  grains.  Average,  269}  grains. 

The  same  number  of  seeds  were  taken  from  the  crossed 
stock  and  weighed  as  follows : 

50  seeds     220  grains.  50  seeds     210  grains. 

50  seeds     219  grains.  50  seeds    210  grains. 

50  seeds     200  grains.  50  seeds     220  grains. 

Total,  1,279  grains.  Average,  218-J^  grains. 

The  average  weights  of  an  equal  number  of  beans  from  each 
stock  were  nearly  as  100  to  79  in  favor  of  the  old  stock. 

AgricoHural  College,  Lansing,  Michigan. 

*  This  plant  contained  a  dead  branch  with  21  immature  pods. 
f  This  plant  contained  a  dead  branch  with  62  immature  pods. 
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^Art.  XTjTT. — On  the  Force  of  ^ective  Molecular  Action;  by 

Professor  W.  A,  Nobton. 

[irn  abttract  of  this  paper  waa  read  before  the  National  Aoademj  of  Scienoea 

April  18,  1878.] 

In  my  paper  on  the  variability  of  the  ultimate  molecule,  pub- 
lished in  the  March  number  of  this  Journal,  I  gave  the  follow- 
ing theoretical  expression  for  the  force  of  efl^tive  action  of 
one  ultimate  molecule  of  a  body  on  another  contiguous  to  it, 
deduced  from  certain  fundamental  conceptions  which  were 
succinctly  stated : 

n(ar'+2ng)     _m 

— (r+a;)*(2r+a;)*     «•*  ^^^ 

in  which  x  denotes  the  distance  between  the  electric  envelopes 
of  the  contiguous  molecules ;  r  the  distance  between  the  center  of 
emanation  of  the  attractive  force,  /  represented  by  the  first 
term,  and  that  of  the  repulsion  /',  represented  by  the  second 
term ;  n  the  coefficient  of  the  attraction/  and  m  that  of  the  repul- 
sion/'. The  expression  has  been  simplified  by  making  one  or 
two  assumptions  that  do  not  strictly  accord  with  fact,  but 
which  can  occasion  no  material  error  in  the  general  discussion 
now  proposed ;  as  will  be  shown  on  another  occasion. 

If  we  put  ar=wr,  — =:A;,  and  -t=P,  it  becomes 

V(l+t/)'{2+w)'       wV^*  ^^^ 

If  this  be  a  true  theoretical  expression  for  the  force  of  eflfec- 
tive  molecular  action,  it  should  comprise  the  essential  mechani- 
cal theory  of  solids,  lic[uids,  and  gases,  as  well  as  the  special 
mechanical  features  of  mdividual  substances;  and  should  suc- 
cessfully withstand  all  the  quantitative  and  qualitative  tests  that 
can  be  applied  to  it  I  propose  now  to  give  the  result  of  the 
application  of  a  number  of  such  tests ;  and  to  show  that  the  char- 
acteristic features  and  laws  of  the  three  diflferent  states  of  aggre- 
gation are  deducible  from  it 

Theory  indicates  that  in  the  comparison  of  diflferent  solids, 
liquids,  or  gases,  among  themselves,  at  the  same  temperature, 

jt)(  =  — r)  Diay  be  regarded  as  constant     In  fact  we  shall  for  the 

present  assume  that  both  m  and  r,  as  well  as  p,  are  constant  for 
substances  in  the  same  state  of  aggregation,  when  the  tempera- 
ture is  the  sama  Upon  this  assumption  one  substance  will  dif- 
fer from  another,  in  its  essential  molecular  condition,  only  in 

the  value  of  i,  that  is  of  the  ratio —  of  the  coefficients  of  the 

tn 
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attractive  and  repulsive  forces  /  and  f.  I  have  made  a  series 
of  calcalations  oi  the  values  of  F  for  various  assigned  values  of 
x^  answering  to  a  number  of  different  values  attributed  to  h 
Each  set  of  calculations,  if  graphically  represented,  will  give  a 
curve  that  may  be  termed  a  curve  of  effective  moleadar  action. 
It  will  represent  to  the  eye  the  essential  mechanical  features  of 
a  body  for  which  the  assumed  value  of  k  obtains 

1. 


Fig.  1  is  such  a  curve  answering  to  i  =  5428.  In  Fig.  2, 
curve  c,  the  same  curve  is  shown  on  a  smaller  scale  (both 
horizontal  and  vertical).  Curve  a  in  this  figure  answers  to 
k  =  12*41,  and  curve  b  answers  to  A  =  9*44.  Fig.  1  may  be 
taken  as  a  tj^pe  curve  exhibiting  the  features  common  to  the 
special  curves.  The  positive  ordinates  indicate  comparative 
values  of  an  eflFective  attractive  force  in  multiples  of/?,  answer- 
ing to  certain  distances  x  expressed  in  multiples  of  r ;  and  the 
negative  ordinates  indicate  values  of  an  eflFective  repulsive 
force  obtaining  at  other  distances  x.  The  distance  Oa,  be- 
tween molecular  envelopes,  at  which  the  eflFective  force  is  zero, 
is  that  which  obtains  when  no  external  force  of  stress  is  in 
operation.  It  may  be  called  the  neutral  distxnce.  At  all  less  dis- 
tances, X,  as  Oe,  that  may  supervene  when  a  compressive  stress 
is  applied  to  the  body,  the  effective  force,  er,  is  repulsive. 
When  a  tensile  stress  is  in  operation,  increasing  the  distance  x^ 
the  effective  force,  as  2«,  becomes  attractive,  ana  increases  in  in- 
tensity to  the  maximum  value  6m,  at  the  moment  of  rupture. 
At  greater  distances,  as  08,  the  effective  attraction  falls  ofif ; 
and  passes  into  a  repulsion  when  the  distance  becomes  greater 
than  Oc  This  repulsion  increases  with  the  distance  to  a  maxi- 
mum dn,  and  then  diminishes  continually  to  an  indefinite  dis- 
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tance.  This  effective  repulsion,  operating  beyond  the  sphere 
of  the  effective  attraction,  manifests  itself  as  a  force  of  resist- 
ance in  the  contact  of  bodies.  A  glance  at  the  curves,  (a),  (i), 
(c)  in  fig.  2,  will  show  that  the  neatral  distance,  Oa,  (see  type 
curve,  fig.  1),  and  the  distanc^  06,  answering  to  the  maxi- 
mum attractive  ordinate,  diminish,  in  multiples  of  r,  as  ifc  in- 
creases; and  that  on  the  other  hand,  Oc  and  Od  increase  as 
h  increases.  The  maximum  attractive  ordinate  increases,  ia 
terms  of  je>,  as  ^  increases,  but  the  maximum  repulsive  ordi- 
nate augments  as  k  diminishes. 

2. 


The  special  calculations  I  have  made  answer  to  various  as- 
sumed values  of  the  ratio  k,  ranging  from  0  to  20.  I  find  that 
when  this  ratio  exceeds  4*934,  the  effective  force  will  be  attrac- 
tive over  a  certain  range  of  distance,  and  thus  that  a  }x>rtion  of 
the  representative  curve  will  lie  above  the  axis  x,  as  in  the  curves 
shown  in  fig.  2 ;  and  that  when  this  ratio  is  less  than  4*934,  the 
effective  action  will  be  repulsive  at  all  molecular  distances,  and 
therefore  that  the  curve  will  lie  wholly  below  the  axis,  x,  as  in 
fig.  8.  We  must,  therefore,  conclude  that  for  all  solids  and 
liquids,  k  must  exceed  4*934. 

The  absorption  of  the  pulses  of  heat  by  the  molecular  envel- 
opes of  a  body  tends  to  expand  these  envelopes,  and  at  the  same 
time  to  augment  the  coefficient  of  repulsion,  m.  Heat,  there- 
fore, tends  to  diminish  the  ratio  k,  and  so  to  depress  the 
curve  of  effective  molecular  action.  When  by  the  continued 
access  of  heat,  this  ratio  is  brought  to  a  certain  small  value 
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somewhat  greater  than  4*934,  the  molecules  are  in  general 
brought  into  a  certain  condition  answering  to  the  liquid  state, 
and  liquefaction  ensues.  When,  by  a  still  further  rise  of  tem- 
perature k  equals  4*934,  the  liquid  has  reached  the  boiling 
point  in  vacuo.  The  curve  of  effective  molecular  action  is  now 
that  shown  in  fig.  8  for  A;=4*93,  and  the  distance  between 
the  molecular  envelopes,  is  2*84  n 

All  special  curves,  answering  to  particular  solids  or  liquids,  and 
so  to  values  of  k  greater  than  4'934,  have  certain  common  fea- 
tures, which  should  correspond  to  properties  that  have  been 
recognized  as  belonging  to  all  substances  in  the  solid  or  liquid 
state.  (1.)  One  of  these  is  that  the  curves  diflfer  little  from  a 
right  line  at  the  neutral  point  a  (fig.  1).  This  corresponds, 
graphically,  to  the  well  known  law  of  molecular  displacement, 
that  the  effective  resistance  developed  is,  for  small  displace- 
ments, porportional  to  the  displacement  The  ratio  of  the 
eflFective  force  2*,  to  the  displacement  a2,  may  be  taken  as  the 
measure  of  the  coefficient  of  elasticity,  in  considering  the 
comparative  values  of  this  coefficient  answering  to  varving 
amounts  of  tensile  stress,  and  so  to  various  degrees  of  molecu- 
lar displacement  As  it  appears  that  this  ratio  is  nearly 
constant,  within  small  limits,  the  coefficient  of  elasticity  as 
experimentally  determined,  should  be  nearly  constant  within 
such  limits  ;  which  is  a  well-known  general  fact. 

(2.)  An  examination  of  the  curves  will  serve  to  show — what 
is  a  conspicuous  result  of  the  discussion  of  the  equation — that 
as  the  tensile  stress  increases,  the  coefficient  of  elasticity  as 
measured  by  the  ratio  just  stated,  should  diminish  slowly  at 
first  and  then  more  rapidly.  Experiment  has  established  that 
in  general  the  coefficient  of  elasticity  of  a  material  varies  after 
this  manner.  But  to  make  the  test  more  decisive,  I  have  made 
a  series  of  detailed  comparisons  of  the  theoretical  with  ex- 
perimental results.  It  appears  that  for  all  values  of  k  rang- 
ing from  7*576  to  20  (which,  as  will  hereafter  appear,  may 
be  regarded  as  including  all  the  more  tenacious  solids)  the 

law  of  variation  of  the  molecular  ratio,  —^   (fig.  1);    from  the 

point  a  to  m  (i.  e.  from  zero  of  stress  to  the  point  of  rupture)  is 
sensibly  the  same.  Thus  at  the  point  m,  answering  to  rupture, 
this  ratio  becomes  reduced  to  0*303  of  its  value  at  the  neutral 
point,  a,  when  i=20;  to  0*301  when  4=12*41 ;  and  to  0*316, 
when  i=7*576;  and  the  correspondence  is  equally  close  at 
points  intermediate  between  a  and  m.     I  have  computed  the 

comparative  values  of  the  ratio  — 5,  for  eighteen  supposed  val- 

ues  of  the  displacement,  a2,  and  compared  this  scale  of  com- 
puted values, — which,  as  we  have  just  seen,  should  answer  to  any 


350       W.  A,  Norton — Force  of  Effective  Molecular  Action. 

of  the  more  teDacious  materials — ^with  a  corresponding  series  of 
experimental  values  of  the  coefficient  of  elasticity  for  bars  of  cast 
iron,  wrought  iron,  steel  and  oak;  with  the  following  results.  For 
a  bar  of  cast  iron,  experimented  on  by  Captain  Rodman  (U.  S. 
Army),  the  correspondence  is  very  close.  The  greatest  ratio  of 
error  does  not  exceed  y^*,.  For  five  bars  of  wrought  iron  taken 
for  comparison,  the  correspondence  proves  tolerably  close  up  to 
a  stress  equal  to  half  the  tenacity  ;  but  at  the  higher  ratios  of 
stress,  the  coefficient  of  elasticity  diminishes  much  more  rapid- 
ly than  the  theory  calls  for.  For  the  cast  steel  bar  taken,  the 
coefficient  of  elasticity  is  greater  than  at  the  neutral  point  and 
materially  greater  than  the  corresponding  molecular  ratio,  un- 
til near  the  point  of  rupture,  where  the  two  become  nearly 
equal  (y'^).  Several  bars  of  oak  examined  proved  to  be  in  the 
same  category  with  the  cast  steel,  except  that  the  coefficient 
ratio  at  the  point  of  rupture  was  reduced  to  from  y%  to  j\  in- 
stead of  i^y.  Four  bars  of  blister  steel  examined  present  a  case 
just  the  reverse  of  that  of  the  cast  steel  bar ;  the  coefficient  ratios 
are  at  all  stresses  less  than  the  corresponding  molecular  ratios. 
In  the  cases  cited  the  correspondences  between  the  theoretical 
and  the  experimental  results  are  sufficient  to  lend  support  to 
the  theory  ;  but  the  discrepancies  noticed  can  only  be  reconciled 
with  it  by  admitting  that  some  modifying  causes  are  in  opera- 
tion which  tend  to  produce  abnormal  deviations  from  the  theo- 
retical results  obtained  from  our  formula.  Now,  as  a  matter  of 
fact,  such  modifying  causes  are  known  to  exist.  We  have 
already  seen  that  the  ultimate  molecule  is  variable  both  in  its 
dimensions  and  its  forces,  under  the  operation  of  varying  forces 
of  stress ;  that  k  is  liable  to  variation,  and  hence  that  the 
values  of  F  for  the  same  values  of  x  may  change,  and  the  mo- 
lecular curve  shift  its  position  and  rise  or  fall  according  as  i 
increases  under  the  stress  or  diminishes.  As  for  the  actual 
tendency  of  a  tensile  stress,  it  is  immediately  to  draw  the  mo- 
lecular envelopes  farther  away  from  their  central  atoms.  It 
should  thus  enlarge  the  effective  molecules,  and  so  by  increas- 
ing the  distance  between  their  centers  tend  to  diminish  the 
coefficient  of  elasticity.  But  the  enlargement  of  the  envelopes 
should  also  tend  to  alter  the  value  of  n  ;  and  it  appears,  on  a 
careful  investigation  of  the  diverse  possible  mechanical  condi- 
tions of  the  envelopes,  that  n  may  either  be  increased  or  dimin* 
ished,  and  so  the  value  of  k  become  either  greater  or  less. 
These  incidental  effects  of  forces  of  stress  are  adequate 
to  the  production  of  all  the  deviations,  under  consideration, 
from  the  normal  molecular  condition  represented  by  the  for- 
mula or  by  an  unvarying  curve;  except  the  very  large  devia- 
tions noticed  in  the  case  of  the  wrought  iron  bars,  when  the 
stress  amounted  to  a  large  fraction  of  the  breaking  weight, 
which  may  be  reasonably  ascribed  to  a  flow  of  the  molecules. 
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(3.)  The  distance  a6,  (fig.  1)  between  the  neutral  point  and 
le  point  of  rupture  increases  from  0'802r  for  A=20,  to  0'60r 
)r  A=6'428.  This  is  about  its  maximum  value.  From  this 
alue  of  i  to  the  ratio  4*934  it  decreases  from  0'60r  to  zero. 
Few  r  is  the  distance  between  the  centers  of  attraction  and 
spulsion,  both  of  which  lie  within  the  molecular  envelope.  It 
\  therefore  a  small  fraction  of  the  radius  of  the  outer  surface  of 
le  envelope,  or  outer  surface  of  the  eflFective  molecule,  and  a 
kuch  smaller  fraction  of  the  distance  between  the  centers  of 
>ntiguous  molecules.  We  should  then  expect,  on  theoretical 
rounds^  that  when  a  bar  suflfers  rupture  under  a  tensile  stress, 
le  elongation  would  be  a  small  fraction  of  its  length.  This  is 
ell  known  to  be  generally  true  for  the  more  tenacious  mate- 
als  (e.  g.  the  metals  and  diflferent  varieties  of  wood).  India  rub- 
er is  a  striking  exception.  Its  great  extensibility  is  probably 
ue  to  a  great  expansibility  of  its  molecular  envelopes,  under 
tensile  stress.  The  unequal  extensibility  of  different  (juali- 
es  of  wrought  iron,  also  finds  its  theoretical  explanation  m  an 
nequal  expansibility  of  molecular  envelopes,  with  the  attend- 
Dt  variations  in  the  molecular  curve. 

(4.)  The  ordinates  of  the  portion  ra  of  the  molecular  curve 
^present  the  molecular  resistance  developed  by  a  compressive 
ress.  These  increase  (as  thev  should  do)  without  limit,  as 
le  distance  Oe  between  the  molecules  diminishes.  When  rup- 
ire  occurs  under  a  compressive  stress,  it  is  because  the  molec- 
lar  actions  developed  in  directions  oblique  to  the  line  of  thrust 
tduce  a  tensile  strain  at  right  angles  to  this  line,  and  a  shear- 
ig  strain  in  oblique  directions,  the  resistance  to  one  or  the 
iher  of  which  is  overcome.     The  distance  Oa  is  not  the  limit 

•  the  possible  diminution  in  the  distance  between  the  centers 

*  contiguous  molecules,  since  the  act  of  compression  will  com- 
•ess  their  envelopes,  and  so  diminish  the  size  of  the  eflFective 
olecules. 

(5.)  The  ordinates  of  the  portion  mc  of  the  molecular  curve 
present  the  eflFective  attractions  that  come  into  operation  dur- 
g  the  act  of  rupture.  That  the  rupture  may  be  completed,  a 
»utinued  molecular  strain  must  be  exerted  at  least  as  great  at 
ch  distance  of  separation,  03,  as  the  eflFective  resistance 
presented  by  the  ordinate  3w  at  that  distance.  When  the  dis- 
nce  has  increased  to  Oc^  an  eflFective  repulsion  supervenes, 
id  the  separation  becomes  complete. 

Beyond  d  the  curve  represents  the  force  of  contact  resist- 
ce.     To  test  this  portion  of  the  curve,  I  undertook  in  1876, 

determine  experimentally  the  laws  of  variation  of  this  force. 
>r  this  purpose  the  diminutions  of  contact  distance  produced 
r  varying  increments  of  pressure,  under  varying  conditions 
ith  regard  to  the  nature,  condition,  and  extent  of  the  surfaces 
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in  contact,  were  determined.     The  following  are  the  general 
results  obtained* 

(1.)  The  diminutions  of  contact  distance  are  verj  nearly 
the  same,  for  the  same  increments  of  pressure,  whatever  is  the 
nature  or  condition  of  the  surfaces  in  contact 

(2.)  They  are  very  nearly  independent  of  the  extent  of  the 
surface  of  contact 

(3.)  The  diminution  of  distance  for  a  given  increment  of 
pressure  (say  1  oz.),  is  nearly  inversely  proportional  to  the  pres- 
sure. 

Now,  in  correspondence  with  the  first  of  these  )aws,  it  ap- 
pears that  at  considerable  distances  beyond  that,  Od  (fig.  1) 
of  the  maximum  repulsion  the  curves  answering  to  different 
values  of  k,  and  therefore  to  different  materials,  approach 
very  near  to  each  other,  and  beyond  lOOr  are  very  nearly  coinci- 
dent, and  have  nearly  the  same  inclination  to  the  axis  of  x.  This 
results  from  the  fact  that  the  attractive  term  in  the  formula  for 
the  effective  force  becomes  at  such  distances  very  small,  in 
comparison  with  the  repulsive  term  which  has  the  same  value 
for  aifferent  materials  when  the  temperature  is  the  same.  To 
the  same  small  diminution  of  distance  should  then  correspond 
very  nearly  the  same  increment  of  the  repulsive  ordinate,  for 
the  molecular  curve  of  each  substance. 

The  second  law  follows  as  a  consequence  from  the  third. 

As  for  the  third  law,  it  is  to  be  observed  that  at  the  contact 
distances  that  obtained  in  the  experiments,  which  must  have 
been  much  greater  than  that,  Orf,  answering  to  the  maximum 
repulsive  ordinate  dn^  the  first  terra  in  equation  (1),  (p.  346) 
nearly  vanishes,  and  so  the  effective  repulsion  (/?)  expressed  by 

jB=-,-,  is  nearly  inversely  proportional  to  the  square  of  x. 

Theoretically  then,  the  diminution  of  distance  [dx)  for  small 
increments  of  the  repulsion  {dR)  should  be  inversely  propor- 
tional to  i?  J  or  nearly  so,  instead  of  inversely  proportional  to 
R,  as  experiment  showed.  Here,  as  in  previous  cases,  the  dis- 
crepancy may  reasonably  be  attributed  to  the  compression  of 
molecular  envelopes  that  must  attend  the  contact  pressure;  since 
such  compression  should  increase  the  value  of  i,  bring  the  repul- 
sive portion  cm,  etc.,  (fig.  1)  of  the  curve  of  effective  molecular 
action  nearer  the  axis  Ocd,  and  so  cause  dx  to  decrease  according 
to  a  less  rapid  law  than  would  obtain  if  k  and  the  corresponding 
curve  remained  constantly  the  same  (which  is  represented  by 

— ^.)  In  confirmation  of  this  explanation  it  may  be  added  that  a 
change  in  the  mechanical  condition  of  the  contact  molecules, 

♦  See  this  Journal,  June,  1876. 
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during  contact  pressure,  correspondent  to  this  theoretical  inter- 
pretation, was  directly  revealea  by  the  experiments. 

The  experiments  alluded  to,  besides  revealing  the  laws  of 
variation  of  the  contact  repulsion,  showed  that  it  was  a  force  in 
operation  beyond  the  range,  Oc,  of  the  effective  molecular  at- 
tniction,  since  no  evidence  of  an  attraction  was  obtained.  They 
showed  also  that  the  increments  of  this  force,  attendant  on 
the  observed  diminutions  of  molecular  distance,  were  many 
times  less  than  the  increments  of  repulsion  attendant  on  equal 
diminutions  in  the  distance  between  the  internal  molecules  of  a 
body ;  in  accordance  with  the  indications  of  the  molecular 
curva 

It  will  probably  occur  to  the  reader  that  our  formula  and 
curve  of  effective  molecular  action,  afford  no  indication  of  a 
possible  force  of  adhesive  attraction,  such  as  often  manifests 
Itself  in  the  contact  of  surfaces.  This  defect  results  from  the 
fact  that  the  formula  involves  a  supposition  which  is  not  strictly 
true  in  cases  of  contact    The  more  comprehensive  formula  is : 


/= 


n  n  m 


{r+xy      {2r+x)*      x 


a  ) 


and  equation  (1)  is  obtained  by  supposing  n'=n.  This  equality 
may  not  strictly  exist  in  the  contact  of  bodies,  and  n'  may  be 
less  than  n.  I  find  that  a  slight  excess  of  n  above  n'  suffices 
to  give  an  effective  attraction  for  a  certain  range  of  values  of  x, 
for  which  /  is  repulsive  according  to  equation  (1).  This  case 
would  be  graphically  represented  by  an  upward  inflection  of 
the  repulsive  portion  of  the  curve  (fig.  1),  bnnging  a  portion  of 
it  above  the  axis  of  01  The  attraction  thus  oreinating  should 
vary  in  its  intensity  at  a  given  distance  with  the  pressure,  or 
molecular  distance  at  contact,  (i.  e.  graphically,  the  inflection 
of  the  curve  should  change);  and  recent  experiments  have 
shown  this  to  be  an  essential  feature  of  it,  since  it  appears  that 
pieces  of  plate  glass  in  contact  may  be  separated  by  the  continu- 
ous exertion  of  a  force  ever  so  small. 

I  have  now  examined  the  general  features  of  the  typical  molec- 
ular curve  for  solids,  and  shown  that  they  represent  diverse 
general  mechanical  properties  of  solids  that  have  been  experi- 
mentally ascertained.  Let  us  now  endeavor  to  subject  the 
molecular  formula  (equation  2)  to  the  test  of  comparison  with 
experimental  determinations  of  the  coefficients  of  elasticity  and 
tenacities  of  special  substances.  The  direct  means  of  accom- 
plishing this  would  be  to  determine,  if  possible,  the  value  of  the 
ratio  Ar  for  each  material,  and  so  obtain  a  series  of  definite  ex- 
pressions, or  corresponding  molecular  curves,  answering  to  the 
materials  considered.  But  the  value  of  k  for  a  given  sub- 
stance is,  from  the  nature  of  the  case,  incapable  of  direct  deter- 
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mination.  The  only  practicable  method  of  proceeding  is  to 
assume,  under  the  guidance  of  any  intimations  that  may  be  ob- 
tained, a  value  of  k  for  some  substance,  say  wrought  iron,  taken 
as  a  standard  of  comparison  ;  then  the  ratio  which  the  coefficient 
of  elasticity  of  any  other  material  bears  to  that  of  wrought  iron, 

2e 

will  make  known  the  value  of  its  molecular  ratio  —  (fig.  1)  at 

the  neutral  point,  as  compared  with  that  of  iron,  and  from  this 
we  may  derive  the  comparative  molecular  curve  for  the  mate- 
rial considered.  The  ratio  of  the  maximum  ordinate  of  this 
curve  to  that  of  the  standard  curve  for  wrought  iron,  will  then 
make  known  the  ratio  of  the  tenacity  of  the  material  to  that 
of  wrought  iron  (account  being  taken  of  the  comparative  nam- 
ber  of  atoms,  or  ultimate  molecules,  of  the  two  materials,  in  a 
unit  of  volume)  and  so  enable  us  to  compute  theoretically  its 
tenacity  from  the  known  tenacity  of  wrought  iron.  This  com- 
puted value  may  then  be  compared  with  the  tenacity  as  ex- 
perimentally determined.  In  the  prosecution  of  this  inquiry,  I 
assumed  as  the  value  of  k  for  wrought  iron,  12*41 ;  taking 
for  the  coefficient  of  elasticity  {E)  25,000,000  lbs.,  and  for  the 
tenacity  65,000  lbs.  per  square  inch.  The  molecular  curve  for 
wrought  iron  wouM  then  be  that  shown  in  fi^.  2,  carve  (a). 
The  following  notation  and  formulas  were  used  in  the  calcula- 
tions :     JV= number  of  atoms,  or  ultimate  molecules  in  a  anit 

of  volume=°f^.^  ^^:  ;  n=number  of  atoms  (ultimate  mole- 
atomic  weight  '  ^ 

cules)  in  unit  of  length  =l/N;  jE'=  coefficient  of  elasticity; 
T=tenacity;  /=intensity  of  effective  attraction  between  two 
contiguous  molecules  at  the  neutral  distance,  developed  by  an 
increment  of  distance,  equal  to  j\r.  This,  in  fig.  1,  is  repre- 
sented by  the  ordinate  25  corresponding  to  the  small  displace- 
ment a2,  F=max.  ordinate  of  the  molecular  curve,  c,  (/,  and 
c"  are  constants. 

E=c'^=cfn,     T=c'Fn\ 

n        ^ 

Neutral    distance,   d=, — /,  ,  .^^^  , —  ;  in  which  u   may  be 

taken  =zero  for  the  metals  generally  and  the  more  tenacious 
woods,  for  which  k  must  have  a  value  not  widely  different 
from  that  taken  for  wrought  iron  (12 '41).  For  less  tenacious 
materials  u  has  a  value  increasing  as  k  diminishes.     For  ifc= 

7*576,  its  value  is  005.     Its  maximum  value  is -^:^^,    and  ob- 

tains  when  /=o,  in  which  case  A=4'934,  and  the  molecular 
curve  falls  entirely  below  the  axis  x.    f  is  expressed  in  terms 

of  -J-  or  p,  considered  as  unity  (see  page  346).      For  the  more 
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lacious    materials    we    may  take,  with    but    little    error, 

r 

"log  100/* 

For  calculating  the  maximum  ordinate  we  have  the  formula, 

~^**     ^^^^  these  formulae  I  have  calculated  the  theoreti- 

1  tenacities  of  a  number  of  materials.  The  results  are  given  in 
e  following  table,  and  compared  with  the  tenacities  obtained 
'  experiment.  With  most  of  the  materials  the  experimental 
terminations  of  coeflBcients  of  elasticity  and  tenacity  used, 
B  known,  or  there  is  good  reason  to  believe,  answer  to  the 
me  specimen ;  but  in  the  cases  of  zinc,  brass,  and  tin,  the  coef- 
ient  of  elasticity  and  the  tenacity  may  have  been  obtained 
th  different  specimens. 


Material. 


"Ought  Iron. 

ik 

ctuit 

k 

Itch  Rr.-.. 

PPor 

ic  Wire 

188,  cast 

ucast 

ad 


Tenacity. 


uoen.  OI  jsiaa.,  k. 

Obterred. 

Calcnlated. 

25,000,000  lbs. 

55,000  lbs. 

2,214,000    " 

15,000    " 

14,600  lbs. 

1,796,000    " 

11,280    " 

11,157    *» 

1,311,100    " 

8,500    »* 

8,170    " 

802,800    " 

3.520    »» 

3,586    " 

16,447,400    " 

36,180    " 

36,460    " 

13,680,000    " 

22,561    »' 

27,950    " 

9,170,000    " 

18,000    " 

20,300    " 

4,608,000    " 

6,650    »* 

7,820    " 

720,000    " 

1,824    " 

1,870    " 

It  seems  from  these  results  that  our  molecular  formula  (equa- 
m  2)  enables  us  to  compute  the  comparative  tenacities  of  ma- 
rials  from  their  comparative  coefficients  of  elasticity,  with  a 
>se  approximation  to  the  truth ;  also  that  a  scale  of  mo- 
jular  curves  may  be  deduced  from  it  which  serves  to  repre- 
nt  the  comparative  mechanical  properties  of  different  mate- 
l1&  The  scale  obtained  rests  on  the  assumption  that  the 
Jecular  curve  for  wrought  iron  is  that  answering  to  i= 
•41  (fig.  2)  curve  (a).  But  the  laws  of  variation  of  the  neu- 
il  distance,  of,  and  the  maximum  ordinate,  F,  are  so  nearly 
nstant  over  a  wide  range  of  variation  in  the  value  of  k,  and 
us  of  the  corresponding  molecular  curve,  that  the  assumed 
rve  for  wrought  iron  might  be  considerably  changed  without 
iterially  impairing  the  correspondence  between  the  computed 
d  observed  tenacities.  The  exponent  of  d  in  the  expres- 
►n  for  the  maximum  ordinate,  which  in  the  calculations  was 
cen  8"2,  varies  only  from  8*1  to  34  over  the  entire  range  of 
lues  of  k  from  20  to  54  ;  and  the  value  of  u  in  the  expres- 

*  Each  molecule  is  gnbject  to  the  action  of  several  molecules,  instead  of  the 
rest  one  only,  but  the  entire  force  taking  effect  on  it  is  equal  to  the  effective 
Ion  of  the  nearest  molecule  multiplied  by  a  factor  which  should  be  nearly  con- 
st for  different  materials. 


858      W.  A.  Norton — Force  of  Effective  Molecular  ActiotL 

sioQ  for  the  neutral  distance  varies  only  from  zero  to  less 
than  \. 

It  is  important  to  remark,  in  this  connection,  that  the  com- 
plete molecular  theory  of  the  elastic  resistance  of  materials 
cannot  be  developed  from  the  single  conception  that  each  speci- 
men of  every  material  has  its  specific  formula,  or  curve  of 
effective  molecular  action,  which  remains  constantly  the  same 
during  all  the  varying  conditions  and  degrees  of  stress.  Thus 
when  two  specimens  of  the  same  material  are  compared, 
certain  facts  are  recognized  which  require  that  account  snoald 
be  taken  of  the  varying  dimensions  and  mechanical  condition 
of  the  molecules  when  under  the  influence  of  the  force  of  stress. 
For  example,  the  tenacities  of  two  bars  of  wrought  iron,  or  one 
bar  of  iron  and  another  of  steel,  may  be  very  different,  though 
their  coefficients  of  elasticitv,  E^  may  be  nearly  the  same.  T^e 
theoretical  explanation  of  this  fact,  is  that  the  molecular  envel- 
opes are  drawn  farther  away  from  the  central  atoms  of  the  mole- 
cules, and  as  a  consequence  the  ratio  k  is  increased,  the  mo- 
lecular curve  rises,  and  thus  while  the  coefficient,  E^  for  small 
displacements  from  the  neutral  distance  is  but  little  altered,  the 
maximum  ordinate,  and  so  the  tenacity,  may  be  largely  in- 
creased. It  may  be  shown  that  the  liability  to  this  state  of 
things  exists  with  materials  having  a  high  value  of  t  The 
rise  of  the  "  limit  of  elasticity  "  as  the  result  of  the  operation 
of  a  tensile  stress  to  certain  materials,  and  the  au^entation  of 
the  tenacity  of  wrought  iron  bars  by  large  tensile  strains^  as 
well  as  by  a  certain  increase  of  temperature  and  by  the  process 
of  thermo-tension,  are  other  consequences  of  a  similar  mole- 
cular condition.  It  may  be  said  in  general  that  all  the  recog- 
nized deviations  of  property  from  the  normal  type  of  unvarying 
and  perfect  elasticity,  while  they  must  present  insuperable 
obstacles  to  any  molecular  theory  that  does  not  recognize  the 
"  variability  of  the  ultimate  molecule,"  furnish  to  the  present 
theory  the  occasion  of  its  achieving  one  of   its  most  signal 

triumphs. 

Let  us  now  subject  the  formula  to  the  test  of  comparison 
with  the  laws  and  mechanical  properties  of  vapors  and  gases 
Upon  the  general  theory  the  effective  mutual  actions  of  contig- 
uous molecules  of  a  vapor,  or  gas,  must  be  repulsive.  The 
curve  of  effective  action  of  such  a  molecule  must  then  lie  en- 
tirely below  the  axis  x ;  and  hence  it  must  answer  to  a  value 
of  h  less  than  4-934.  Fig.  3  shows  a  set  of  theoretical 
curves  answering  to  various  values  of  k  m  equation  2, 
from  4'93  to  4.  The  vertical  scale  in  this  figure  is  20 
times  that  in  fig.  2.  These  curves  present  two  distinct 
varieties ;  one  in  which  a  portion  of  the  curve  is  concave 
to  the  axis,  x,  and  another  in  which  the  curve  is  everywhere 
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ex  to  this  axis.  These  two  sets  of  curves  have  for  their 
of  demarcation  a  curve  in  which  a  considerable  portion  is 
llel  to  the  axis.  This  curve  answers  to  A=4'7.  The  first 
pper  set  of  curves  answers  to  vapors,  and  to  gases  when 
:  temperature  is  such  that  they  can  be  compressed  into  a 
id  without  further  reduction  of  temperature.  The  reduc- 
to  a  liquid  by  pressure  alone  is  possible  with  some  gases, 
sulphurous  acid  gas,  chlorine,  carbonic  acid,  etc) 
ordinary    temperatures,    and     continuously    up    to    cer- 

higher  temperatures.  At  these  critical  temperatures 
curve  becomes  the  critical  curve  just  mentioned  for 
jh  i=4'7.  Oxygen,  hydrogen,  etc.,  belong  to  a  class 
^es  which  cannot  be  condensed  into  a  liquid  un- 
the  temperature  is  much  reduced  below  ordinary  tem- 
tures.  For  these  the  smaller  values  of  k  obtain.  Thecon- 
lation  into  the  liquid  form  is  impossible  because  the  repul- 

ordinate  steadily  increases  as  the  molecular  distance  x 
inishes.  A  reduction  of  temperature  diminishes  the  value 
w,  which  is  theoretically  proportional  to  the  absolute 
perature,  and  so  increases  the  value  of  k  and  causes  the 
jcular  curve  to  rise.  When  it  is  thus  brought  above  the 
cal  curve,  for  which  A;=4'7,  it  becomes  for  a  certain 
mce  beyond  3r  concave  upwards,  the  eflfective  repulsion 
ns  to  decrease  at  a  certain  distance  beyond  8r,  and  a  sudden 

3. 


j^ 


.I&IL 


condensation  to  the  molecular  distance  8r  must 
ensue,  as  the  compression  goes  on,  before  the 
distance  8r  is  reached.  When  the  temperature 
answers  to  the  critical  curve  the  molecular  re- 
pulsion is  sensibly  the  same  osrer  a  considerable 
range  of  distance,  viz.  from  8r  to  7'5r.  Under 
the  same  external  pressure  the  gaseous  mole- 
cules may  then  be  separated  by  any  distance 
lying  between  these  two  extremes.  Under  ex- 
ternal pressure  alone,  then,  the  gas  may  pass 
by  insensible  degrees  into  the  liquid  condition 
(for  which  a;=8r),  and  we  have  theoretically 
"continuity  between  the  gaseous  and  liquid  states  of 
;er,"  experimentally  realized  by  Dr.  Andrews.  The 
cal  temperature  for  carbonic  acid  gas,  Dr.  Andrews  found 
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to  be  81**  C.     At  this  temperature  then  the  molecular  curve  for 
this  gas  was  the  curve  for  which  A;=4'7. 

We  have  already  seen  that  when  a  liquid  reaches  its  boiling 
point  in  vacuo,  its  molecular  curve  is  just  tan^nt  to  the  axis, 
re,  at  the  point  rc=2*84r,  and  that  A;=4-984.  W  hen  the  liquid, 
say  water,  is  subject  to  the  atmospheric  pressure,  as  the  tem- 
perature rises  above  72®  F.,  (its  boiling  point  in  vacuo)  and  m 
continually  increases,  the  curve  subsides  until  the  molecular 
repulsion,  for  x=3r,  is  just  on  the  point  of  prevailing  over 
the  atmospheric  pressure.  The  liquid  will  then  be  at  its 
boiling  point,  212  F.  The  slightest  mcrease  of  heat  repulsion 
will  now  cause  the  molecules  to  recede  from  each  other,  since 
the  effective  repulsive  ordinates  augment  with  the  distance,  x, 
and  this  recess  should  continue  until  the  repulsive  ordinate 
again  becomes  equal  to  the  minimum  value,  that  obtained 
when  the  recess  be^an.  To  this  tendency  to  a  sadden  separa- 
tion of  the  molecules  over  a  wide  range  of  distance  may  be 
ascribed  the  agitation  of  the  liquid,  called  boiling;  and  the 
amount  of  the  final  separation  should  fix  the  ratio  of  expansion 
in  the  passage  of  the  liquid  into  vapor,  at  the  boiling  point  If 
the  liquid  boils  under  a  higher  pressure  than  one  atmosphere, 
the  access  of  heat  augments  the  minimum  molecular  repulsion 
that  obtains  at  about  the  distance  3r,  until  it  is  on  the  point  of 
prevailing  over  the  actual  pressure.  The  curve  will  now  have 
subsided  still  more,  and  the  recess  of  the  molecules  to  the 
point  at  which  the  molecular  repulsion  becomes  the  same 
again,  and  so  the  expansion  from  the  liquid  to  the  steam 
at  the  higher  boiling  point  and  pressure,  should  be  less  than 
before  (see  fig.  3).  It  should  be  observed  here,  that  the  process 
of  expansion  in  the  conversion  of  the  liquid  into  steam  consists 
in  part  in  an  expansion  of  the  molecular  envelopes,  or  an  en- 
largement of  the  effective  molecules  ;  and  part  of  the  heat  lost 
is  expended  in  thus  augmenting  the  potential  energy  of  the 
molecules. 

When  the  reverse  process  occurs,  and  steam  at  212^  F.  is 
condensed,  the  increasing  repulsion  shown  by  the  curve  is 
largely  expended  in  condensing  the  molecular  envelopes,  with 
an  attendant  evolution  of  heat;  and  thus  the  process  may  set 
in  as  soon  as  the  external  pressure  materially  exceeds  one 
atmosphere.  A  reduction  of  temperature  brings  on  condensa- 
tion by  decreasing  the  value  of  m,  which  has  the  effect  to  raise 

the  molecular  curve,  both  by  diminishing  pl=-j-]  the  unit  in 

terms  of  which  the  repulsions  are  expressed,  and  increasing  the 

ratio  *(=^)- 

[To  be  continued.] 
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Art.  XLIIL — On  the  Mineral  Locality  in  Fairfield  County^  Con- 
necticut^ with  the  description  of  two  additional  new  species ;  by 
Geobge  J.  Bbush  and  Edward  S.  Dana.    Second  paper. 

In  the  preceding  volame  of  this  Journal  (July  and  August, 
1878),  we  published  an  account  of  the  discovery  of  a  new  min- 
eral locality  at  Branch ville,  Fairfield  County,  Connecticut,  and 
gave  descriptions  of  five  new  minerals,  all  manganesian  phos- 
phates, occurring  there.  During  the  autumn  following  we 
pushed  forward  our  explorations  at  the  locality  with  as  much 
vigor  as  possible,  ana  with  tolerable  success.  We  were 
fortunate  in  finding  a  new  and  independent  deposit  of  the 
phosphates,  and  obtained  from  it  a  considerable  quantity  of 
eosphorite,  lithiophilite  and  a  little  triploidite,  and  with  them 
some  other  species  of  interest,  among  which  we  may  mention 
a  series  of  uranium  compounds.  The  detailed  description  of 
these  discoveries  we  shall  defer  until  a  third  paper,  wnich  we 
hope  to  publish  in  another  number.  In  the  present  paper  we 
propose  to  give  the  descriptions  of  the  two  additional  new 
species  we  have  identified;  one  of  these  we  mentioned  in  our 
last  paper  under  the  name  of  fairfieldite.  We  add  also  the 
results  of  a  new  analysis  of  reddingite,  and  some  further  facts 
in  regard  to  lithiophilita  Both  of  the  new  species  came  from 
the  original  material,  removed  by  Mr.  Fillow,  when  the  locality 
was  first  opened.  We  have  not,  as  yet,  succeeded  in  finding 
additional  quantitias  of  them.  It  may  not  be  improper  to  add 
that  with  the  return  of  warm  weather  we  have  commenced 
anew  the  exploration  of  the  locality  in  a  more  thorough  manner 
than  before,  and  we  hope  to  meet  with  some  succesa 

6.  Fairfieldite. 

General  physical  characters, — Fairfieldite  occurs  usually  in 
massive  crystalline  aggregates ;  also  rarely  in  distinct  crj'stals. 
The  structure  is  foliated  to  lamellar,  some  varieties  closely 
resembling  selenite ;  also  occasionally  in  radiating  masses  con- 
sisting of  curved  foliated  or  fibrous  aggregations ;  these  radi- 
ated forms  are  not  unlike  stilbite. 

The  hardness  is  3*5,  and  the  specific  gravity  3*15.  The 
luster  is  pearly  to  sub-adamantine ;  on  the  surface  of  perfect 
cleavage  (6)  it  is  highly  brilliant.  The  color  is  white  to  pale 
Btraw-yellow ;  the  streak  is  white.     Transparent.     Brittle. 

Two  rather  distinct  varieties  have  been  observed :  the  first  (A) 
occurs  filling  cavities  in  the  reddingite,  and  covering  the  dis- 
tinct crystals  of  this  mineral  It  is  uniformly  clear  and  trans- 
parent, and  is  highly  lustrous,  showing  entire  absence  of  even 
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iDcipient  alteration.  It  is  generally  foliated  tolamellar,  altLough 
sometimes  of  a  somewhat  radiated  etructure.  The  second 
variety  (B)  occurs  iu  masses  of  considerable  size  interpenetrated 
rather  irregularly  with  quartz,  and  quite  uniformly  run  through 
with  thin  seams  and  lines  of  a  black  manganesian  mineral  of 
not  very  clearly  defined  character.  This  mineral  is  granular  in 
texture,  lustrous,  is  difficultly  fusible,  and  consists  for  the  most 
part  of  the  hydrated  oxides  of  manganese  and  iron ;  bat  con- 
tains also  phosphoric  acid  and  traces  of  lime. 

This  second  variety  of  fairfieldite  is  often  friable  to  the 
touch  and  lacks  somethtng  of  the  brilliant  luster  of  the  iir^t 
variety.  It  also  shows  greater  difference  of  structure,  passing 
from  the  distinct  crystals  to  the  massive  and  radiated  form. 
The  identity  of  these  two  kinds  is  shown  by  the  analyses  given 
below.  Fairfieldite  also  occurs  in  small  particles  in  fillowite 
(described  beyoud),  and  in  masses  of  some  size  immediately 
associated  with  eosphorite,  triploidite,  and  dickinsonite. 

CryslaUine  farm. — Indistinct  crystals  of  fairfieldite  occur 
ocoasionally  in  cavities  in  the  massive  mineral.  They  are 
usually  composite  in  character,  made  up  of  many  individaal 
crystals,  interpenetrating  each  other,  ana  in  only  an  approxi- 
mately parallel  position.  On  the  most  favorable  crystals  the 
form  could  be  cleariy  made  out,  but  exact  tneaaurements  were 
quite  impossible ;  this  is  the  more  to  be  regretted  as  the  number 
of  variable  elements  is  so  large.  The  cleavage  parallel  to  i 
(010)  is  liighly  perfect;  that  parallel  to  a  (100)  somewhat  less 
so. 

The  crystals  belong  to  the  Triclink  System,  and  the  general 
habit  is  shown  in  the  adjoining  figure.  The  following  supple- 
ment angles  were  accepted  as  the  oasis  of  the  calculations. 


From  these  angles,  the  lengths  and  mutual 
inclinations  of  the  axes  were  calculated,  as 
follows: — 
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102°  S' 

The  observed  planes  are  as  follows:- 
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The  following  list  includes  the  principal  angles  (supplement) 
>r  the  different  planes,  calculated  from  the  axial  values  given 
bove. 
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100  A  113 

— 

76°  48' 

O  A« 

100  A  141 

rr: 

61°  17' 

bjsfjt 

010  A  iTo 

z^ 

116°  46' 

b^g 

010  A  320 

— 

91°  3' 

b^m 

010  A  110 

^3 

85°  29' 

b  ^n 

010  ^  230 

r^ 

77°  20' 

6/sO 

010  A  120 

<— 

69°  40' 

b^p 

010  A  111 

^z 

78°  30' 

*78°30' 

b^q 

010  A  112 

zz 

78°  2' 

78' 

b^r 

010  A  113 

r= 

78°  4' 

b^8 

010  A  141 

= 

121°  16' 

120°  30' 

m  ^p 

110  A  111 

z= 

51°  39' 

m^q 

110  A  112 

^^ 

66°  8' 

m^r 

110a113 

zzz 

71°  66' 

In  one  case  an  apparent  penetration-twin  was  observed,  the 
wo  crystals  crossing  one  another  so  that  the  planes  b  and  a  of 
he  one  were  parallel  respectively  to  the  planes  a  and  b  of  the 
•ther.  If  this  coincidence  were  perfect  (exact  measurement 
^as  out  of  the  question)  and  the  crystal  were  really  a  twin  the 
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twinn'mg-plane  mast  make  with  a  (100)  an  angle  of  either  51 

(toward  010)  or  SO""  (toward  OlO).    This  condition  is  equally 

well  satisfied  by  the  plane  270  (100^270  =  51°  4^,  or  by  270 

(100 ys  270  =  39°  3'.)  As  this  supposed  twinning-plane  has 
so  complex  a  relation  to  the  other  planes  of  the  crystal,  it  is 
probable  that  this  coincidence  is  only  accidental. 

Optical  properties, — Minute  fragments  of  fairfieldite  parallel 
to  the  two  cleavage  planes  were  examined  in  the  stauroscope, 
with  the  following  results : — The  planes  of  light-vibration 
intersect  the  cleavage  plane  a  (100)  in  lines  which  make  angles 
of  40°  and  50°  respectively  with  the  edge  a  \  b.  One  optical 
axis  was  visible  on  the  edge  of  the  field  in  convei^ng  light, 
obviously  lying  in  the  vibration-plane  making  an  angle  of  50° 
with  the  obtuse  edge  named,  andf  toward  that  edge. 

The  cleavage  plane  parallel  to  b  (100)  is  intersected  by  the 
vibration  planes  in  lines  making  angles  of  10°  and  80°  respec- 
tively witn  the  edge  b\a.  In  this  case  also  an  optical  axis  (the 
second)  is  distinctly  visible  on  the  outer  limit  of  the  field. 
This  serves  to  fix  approximately  the  position  of  the  bisectrix. 
As  the  cleavage  fragments  examined  were  less  than  ^  mm.  in 
size,  any  further  examination  was  impossible. 

Chemical  Composition. — The  two  varieties  of  fairfieldite  have 
been  analyst  by  Mr.  S.  L.  Petifield,  with  the  followiDg 
results : 


A, 

B. 

P.05 

38-39 

39-62 

FeO 

5-62 

7-00 

MnO 

15-55 

12-40 

CaO 

28-85 

30-76 

Na,0 

0-73 

0-30 

K,0 

0  13 



HtO 

9^98 

9-67 

Quartz 

1-31 

0-55 

100-56  100-30 

The  ratios  of  the  oxides  calculated  from  these  analyses  are 
as  follows : — 

B. 

1  -279  -279         1 

•0971 
•175 
3-06  -649  y         -826         2-96 

•005 

206  -637  -637         1-93 

The  ratio  PjO,  :  RO :  H^O  =  1 :  3  :  2  answers  to  the  formula 
RgP, 0,4-2  aq.  If  here  R  =  Ca:Mn+Fe  =  2:1  and  the 
ratio  of  Mn :  Fe  be  also  2  : 1.     The  formula  requires : — 


A. 

P,05 

-270 

•270 

FeO 

-078' 

MnO 

•219 

CaO 

•516 

•826 

Na,0 

•012 

K,0 

•001 

H,0 

•664 

•664 

Brush  and  Dana — Fairfield  County  MineraU.  868 


P,0« 

39-30 

FeO 

6*64 

MnO 

1310 

CaO 

30-99 

H.O 

9-97 

10000 

The  &ct  that  the  second  variety  was  friable  and  somewhat 
deficient  in  luster  suggested  an  incipient  alteration,  but  the 
analysis  did  not  confirm  this  idea.  The  larger  amount  of  lime 
afforded  in  the  analysis  of  this  kind  is  possibly  due  to  admix- 
ture of  a  little  apatite,  which  is  often  observed  with  it,  and 
the  larger  proportion  of  iron  may  be  due  to  the  fact  that  this 
variety  could  not  be  entirely  freed  from  the  black  oxide  inter- 
penetrating it. 

Pyrognostics, — In  the  closed  tube  fairfieldite  gives  off  neutral 
water,  and  the  assay  turns  first  yellow,  then  dark  brown,  and 
becomes  magnetic.  In  the  forceps  glows,  blackens  and  fuses 
quietly  at  about  4*5  to  a  dark  yellowish-brown  mass,  coloring 
the  flame  pale  green,  with  faint  reddish-yellow  streaks  on  the 
upper  edge.  Soluble  in  the  fluxes  giving  reactions  for  iron 
and  manganese.  Fairfieldite  is  soluble  in  nitric  and  hydro- 
chloric acids. 

Fairfieldite  is  named  from  the  county  in  which  the  locality 
occurs. 

7.    FiLLOWITE. 

General  physical  characters.  —  Fillowite  occurs  in  granular 
crystalline  masses.  By  fracture  the  crystalline  grains  can  be 
usually  separated  with  ease;  they  show  in  most  cases  merely 
striated  planes  of  contact,  having  no  crystal lographic  signifi- 
cance; occasionally,  however,  isolated  but  brilliant  crystalline 
planes  are  observed  and  rarely  a  nearly  complete  crystal.  The 
masses  are  not  infrequently  penetrated  by  distinct  prismatic 
crystals  of  triploidite ;  and  sometimes  they  enclose  particles  of 
fairfieldite.  The  outer  surfaces  are  very  often  coated  with  a 
silvery-white  radiated  mineral,  but  in  so  sparing  quantities 
that  we  have  been  thus  far  unable  to  determine  aefinitely 
its  character.  Reddingite  is  very  commonly  associated  with 
fillowite,  and  in  many  cases  it  is  not  easy  to  distinguish  the 
two  minerals. 

The  hardness  is  4*5,  and  the  specific  gravity  in  two  trials 
8*41  and  8*45.  The  luster  is  sub-resinous  to  greasy.  The 
color  generally  wax-yellow,  also  yellowish  to  reddish-brown 
with  a  red  or  green  tinge,  and  rarely  almost  colorless.  Streak 
white.     Transparent  to  translucent;  fracture  uneven;  brittle. 

OrystaMne  form. — The  crystals  of  fillowite,  whose  occurrence 
has  already  been  mentioned,  have  a  marked  rhombohedral 
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aspect  As  shown  in  the  figure  the  three  planes,  whose 
several  inclinations  are  almost  identical,  have  their  comrooo 
solid  angle  replaced  by  a  nearly  equilateral  triangle.  The 
measurements,  however,  point  to  a  monoclinic  form,  and  that 
this  is  the  true  explanation  is  proved  by  the  optical  examina- 
tion.    The  cleavage  is  basal,  nearly  perfect 

The  angles  (supplement)  accepted  as  the  basis  for  calculation, 
are  as  follows : — 


e^p 

001  ^111 

=     68*  40^ 

e^d 

001 ^  201 

=     68^  31' 

P^P 

111  A  111 

=     95*  23' 

Calculated  from  these  the  elements  of 
the  crystal  are : — 

c(vert.)    b  d  P 

•8201      -5779     1-0000  or     89**  51' 
1-4190     1*000      1*7303 

The  position  taken  for  the  crystal  is  that 

which  exhibits  most  strikingly  its  close  approximation  to  the 

rhombohedral  form.     If  it  were  desired  to  make  the  plane  d 

the  unit  orthodome  101,  then  the  plane  p  would  have  the  sjrm- 

bols  111  and  ill,  and  the  elements  of  the  crystal  would  be:— 
^=73°  11';  c(vert)=11422,  6=0-578,  d=l-000. 

The  observed  planes  have  already  been  given ;  they  are : — 

c    001     0.  d     201     -2-1.  p     111     1. 

The  calculated  angles  and  those  measured  (on  two  crystals) 
are: — 

Calcalated. 
c^d  001^201     =         58°  31' 


p^p 


P  ^001.111     ^       (53.^^, 

P  I  001  ^  1 11  / 


111  .^  111     =         95' 23' 


^""  (111^201  I 


Measured 

(1) 

•bS"  31' 

(i) 

♦58'  40' 
58^  37' 

♦95*^  23' 

95"  25' 

95**  20' 
95'*  16' 

95'  15' 
95"  18' 

Optical  properties. — It  was  found  possible  to  examine  small 
cleavage  fragments  of  fillowite  according  to  the  usual  methods, 
and  the  results  served  to  settle  the  question  of  the  system, 
which  the  measured  angles  might  have  left  undecided.  One 
vibration-plane  intersects  the  basal  plane  (cleavage)  parallel 
to  the  edge  c\d  and  the  other  is  normal  to  it  Moreover  the 
two  optic  axes  are  visible  when  the  Rosenbusch  microscope  is 
employed  ;  it  was  impossible  to  decide,  however,  in  which 
plane  they  lay,  since  the  only  sections  transparent  enough  for 
this  examination  were  destitute  of  the  other  crystalline  planes* 
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Chemical  properties. — The  analyses  of  fillowite  by  Mr.  S.  L. 
Fenfield  aflForded  the  following  results : — 

BfttiM. 

2-76        1 


L 

n. 

MeftD. 

PfO, 

39-06 

39-15 

39-10 

•275 

FeO 

9*48 

9-18 

9-33 

•129 

MnO 

39*48 

39-36 

39-42 

-556 

CaO 

imdet. 

4-08 

4-08 

•073 

Na,0 

5-65 

5*84 

5-74 

•092 

Li,0 

•07 

•04 

•06 

•002 

H,0 

175 

1-56 

1*66 

•092 

Quartz 

0-86 

0-90 

0-88 

8-61        3^09 
•92        0-33 


lOO^ll       100^27 

The  ratio  P,0,  :EO:H,0  =  1:3:^,  corresponds  to  the 
formula  8R,P,0,+H,0.  If  in  this  formula  R  =  Mn:Fe: 
Ca  :  Na,  =  6:1:1:1  the  calculated  percentages  are : — 


PtO. 

40^19 

FeO 

6-80 

MnO 

40-19 

OaO 

6-28 

Na,0 

5-84 

H,0 

1-70 

10000 

The  very  small  amount  of  water  present  suggests  the  question 
as  to  whether  it  is  really  an  original  constituent  of  the  mineral. 
This  question  we  have  been  unable  to  decide  positively  ;  we 
can  only  add  that  of  a  large  number  of  specimens  examined,  all, 
even  the  most  transparent,  showed  its  presence.  Moreover,  if 
the  water  be  not  essential,  the  composition  of  the  mineral 
would  be  somewhat  analogous  to  triphylite,  containing  sodium 
instead  of  lithium,  and  the  want  of  correspondence  in  crystal- 
line form  does  not  favor  this  idea. 

Pyrognostics, — In  the  closed  tube  fillowite  yields  a  small 
amount  of  water  which  reacts  neutral.  B.B.  in  the  forceps  colors 
the  fiame  momentarily  pale  green,  then  intensely  yellow  and 
fuses  with  intumescence  to  a  black  feebly  magnetic  globule. 
Fusibility  1*5.  With  the  fluxes  reacts  for  iron  and  manganese. 
Soluble  in  nitric  and  hydrochloric  acids. 

We  have  named  this  the  seventh  new  manganesian  phosphate 
from  this  locality,  after  Mr.  A.  N.  Fillow,  of  Branchville,  Conn., 
our  obligations  to  whom  we  have  already  mentioned  in  our 
former  paper. 

Reddingite. 

In  our  preceding  paper  we  described  the  new  mineral  red- 
dingite, and  showed  that  in  the  habit  of  its  octahedral  crystals 
and  in  their  angles  it  was  closely  homoeomorphous  with 
flcorodite  and  strengite.  In  composition,  however,  it  was  shown 
that  there  was  a  variation,  as  follows : — 
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Soorodite  FeAs,0K-i-4aq. 

StreDgrite  FeP,0.  +  4aq. 

Reddingite  Mii,P(Ot  +  ^aq- 

It  is  thus  seen  that  reddingite  differs  from  the  other  species  in 
that  the  metal  is  in  the  protoxide  condition,  and  again  since 
there  are  only  three  equivalents  of  water  present.  In  order  to 
establish  beyond  all  question  that  this  difference  was  a  real  ODe, 
we  have  had  a  second  analysis  made.  The  material  was 
selected  from  another  specimen,  and  as  before,  was  obtained 
free  from  all  impurities  except  quartz. 

The  analyses,  made  by  Mr.  H.  L.  Wells,  are  given  below  (A) 
as  also  that  of  Mr.  Penfield  (6)  published  in  our  preceding 
paper: — 


A 

B 

Ezclndlncr 

I. 

II. 

QnarU. 

P,0, 

33-58 

«  w  •  9 

3616 

34-52 

FeO 

7-64 

•  «  •  « 

7-89 

5-43 

MnO 

41-28 

9  «  *  « 

43-22 

46-29 

CaO 

0-67 

«  «  «  • 

•71 

0-78 

Na,0 

trace 

«  *  w  • 

•  —  •  — 

0-31 

H,0 

11-72 

11-72 

12-27 

13*08 

Quartz 

4-46 

4-39 

99-26  99-26  10041 

The  new  analysis  leads  to  the  formula  MnjP,0,+8aq,  or  the 
same  as  that  obtained  before.  The  only  marked  difference 
between  the  two  results  is  one  which  we  have  found  to  character- 
ize all  the  species  of  the  locality,  that  is,  a  little  variation  in  the 
relative  amounts  of  iron  and  manganese.  That  the  manganese 
is  really  in  the  protoxide  condition  cannot  be  questioned  for  a 
moment 

Rtcap  ittilatimL 

It  seems  of  some  interest  to  place  together  the  seven  new 
species  which  the  locality  has  afforded  us.  We  shall  hope, 
at  some  future  time,  to  offer  some  remarks  in  regard  to  their 
mutual  relations;  we  can  only  say  here  that  there  is  in 
the  facts  observed  nothing  to  suggest  that  any  one  of  the 
species  is  a  secondary  mineral  or  a  product  of  alteration ;  all 
seem  to  be  original  minerals  of  the  vein.  We  have  found 
single  hand-specimens  which  exhibit  all  of  the  first  four 
minerals  together. 

1.  EosPHORiTE.  Orthorhombic 

R,AIPaO,o,  4naO,  or  AIP,Oh  +  2naMn(Fe)0,  +  2aq. 

2.  Tbifloidite.  Monoclinic 

R«PaO„  HaO  or  Mn8(Fe3)P,Oe  -I-  Mn(Fe)(0H), 

3.  DICKINSONITE.  Monoclinic 

4(R,PaO«),  3H,0  or  4(Mn,  Fe,  Ca,  NaO^PjO*  +  3aq. 
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4.  Ltthiophilite.  Orthorhombic. 

LiMnPO*  or                               Li.PO*  +  Mn.P.O.. 

6.  Reddinqite.  Orthorhombic. 

R»PaO»,  3H,0  or                              Mn,(Fe,)P,0»  +  3aq. 

6.  Faibfieldite.  Tridinic. 

R,P,Os,  2IlaO  or                        Ca,(Mii,,  Pe«)P«Oe  -l-  2aq. 

7.  FiLLOWiTE.  Monodinic. 

3(R,P3O0,  H,0  or               3(Mn,  Fe,  Ca,  Naa)»P«Oe  +  aq. 


Altered  Lithiophilite, 

In  our  former  paper  we  called  attention  to  the  large  amount 
of  black  oxidizea  material  rich  in  lithia  which  was  associated 
in  the  first  deposit  with  eosphorite,  triploidite  and  dickinsonite. 
We  stated  also,  that  the  occurrence  of  this  black  substance 
induced  us  to  make  the  deeper  exploration  which  resulted  in 
the  discovery  of  lithiophilite.  We  have  now  made  a  more 
critical  examination  of  this  black  mineral,  and  have  found  on 
breaking  it  up  into  very  small  fragments  occasional  kernels  or 
nuclei,  often  no  larger  than  a  pea,  of  unaltered  lithiophilite. 
By  far  the  greater  part  of  the  black  masses,  however,  have 
proved  to  be  oxidizea  to  the  core.  The  black  material  varies 
considerably  in  its  structure;  some  specimens  retain  with  great 
distinctness  the  cleavage  of  the  original  lithiophilite;  other 
fragments  break  with  a  conchoidal  fracture,  while  still  other 
specimens  form  porous,  crumbly,  loosely  aggregated  masses. 
The  color  of  the  mineral  also  varies;  it  is  generally  grayish- 
black  to  pitch-black ;  occasionally,  however,  it  has  a  purple 
to  violet  color,  the  latter  being  due  apparently  to  a  dififerent 
state  of  oxidation  of  the  manganese  and  iron.  That  this  is  the 
case  seems  to  be  proved  by  the  fact  that  the  black  variety  can 
be  made  to  assume  a  purple  hue  by  dipping  it  in  hydrochloric 
acid ;  the  mass  so  treated  becomes  at  once  colored  purple  ex- 
ternally, and  is  not  to  be  distinguished  from  a  specimen  of  the 
naturally  occurring  purple  mineral.  The  luster  varies  from 
sub-resiDous  to  dull.  Hardness  3-4.  Specific  gravity  8*26-340. 
It  is  not  to  be  expected  that  in  such  an  alteration  product  the 
chemical  composition  should  be  constant.  We  have  had  two 
characteristic  specimens  analyzed  and  give  the  results  below. 
The  first  was  of  the  cleavable  variety,  having  a  nucleus  of 
unaltered  lithiophilite,  and  was  analyzed  by  Mr.  F.  P.  Dewey, 
in  the  Sheffield  Laboratory,  G. =3*39-346. 
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I. 

II. 

Mean. 

AtomleRstlM 

P.O. 

40-79 

40-63 

40-66 

•286 

FeaO, 

12-65 

12-57 

12-56 

•079 

AUO, 

010 

009 

010 

•001 

MnO 

35-83 

35-66 

35-74 

25-27    i 
Mii,0, 

•160 

0  in  excess 

1-20 

1-18 

119  1 

-     11-66; 
MnO 

•164 

CaO 

0-13 

0-23 

018 

•003 

MgO 

ir. 

ir. 

tr. 

LiaO 

671 

5-61 

5-66 

•188 

NaaO 

0^44 

0-53 

0-49 

•008 

H,0 

311 

3-03 

3-07 

•no 

99^86  9943  9966 


Another  specimen  of  the  more  compact  dull  variety  analyzed 
by  H.  L.  Wells,  aflforded  the  following  results :— G. =3 •26-3-27. 


I. 

11. 

MMn. 

Atomic  ntlo. 

P,0. 

40-26 

40-51 

40-38 

•284 

FeaO, 

16-04 

15-74 

15-89 

•099  ) 
•092  S 

MnO 

32-07 

31-99 

32-03  ) 
1-48  J 

Mn,0, 

1471 

Gin  excess  1-47 

1-50 

-  MnO 

18-80 

•266" 

CaO 

•74 

•70 

•72 

•010 

.o« 

LiaO 

4-69 

4-96 

4-83 

•161 

*  4* 

K,0 

0-25 

0^28 

0-26 

•003 

NaaO 

tr. 

<r. 

<r. 

^ 

HaO 

3-32 

3-41 

337 

•187 

Residue 

090 

0-90 

•90 

•le 

2-88 


99-86 

This  last  variety  approaches  the  composition  of  a  normal  phos- 
phate, but  as  before  remarked  it  is  not  to  be  expected  that 
such  products  of  alteration  should  be  homogeneous  or  prove  to 
be  definite  mineral  species.  In  general  the  above  analyses 
show  a  marked  correspondence  with  the  analogous  product  of 
the  alteration  of  the  Norwich  triphilite  as  analyzea  by  Craw 
and  Mallet.  The  Branchville  black  material  is,  however, 
richer  in  manganese  and  in  lithia,  and  fortunately  we  find  it 
enveloping  unaltered  lithiophilite  so  that  there  can  be  no  ques- 
tion as  to  the  character  of  tne  original  mineral. 

In  order  to  avoid  any  misunderstanding  we  may  repeat  here 
a  remark  already  made,  that  we  have  observed  also  a  variety 
of  other  black  decomposition  products  bearing  no  relation  to 
the  above.  One  of  them  contains  the  oxides  of  iron  and 
manganese  simplv  being  derived  from  the  alteration  of  the 
carbonate  (rhoaochrosite);  others  have  been  derived  respec- 
tively from  the  decomposition  of  eosphorite,  triploidite  and 
reddingite.  The  last  named  has  often  the  characteristic  octahe- 
dral form  of  the  original  mineral. 

We  would  express  here  our  sincere  thanks  to  the  three 
gentlemen,  Messrs.  Penfield,  Wells  and  Dewey,  who  have 
assisted  us  in  the  chemical  part  of  this  investigation. 
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iRT.  XLIV. — Note  on  the  Fox  Hills  Oroup  of  Colorado;  by 
J.  J.  Stevenson,  Professor  of  Geology  in  the  University  of 
New  York. 

Not  far  from  thirty  miles  below  (north)  Denver,  St  Train's 
>eek  enters  the  South  Platte  Eiver  from  the  west  The 
Thompson  enters  from  the  same  side  several  miles  above 
Svans,  or  about  forty -five  miles  below  Denver ;  and  the  Cache 
jsl  Poudre,  in  like  manner,  enters  somewhat  more  than  fifty 
oiles  from  Denver.  The  towns  of  Evans  and  Greeley  lie  close 
ogether,  the  former  being  on  the  South  Platte  Eiver  almost 
iftv  miles  from  Denver. 

in  1873,  I  visited  this  region  and  made  some  observations, 
^faich  were  published  shortly  afterward.  As  the  conclusions, 
v^faich  I  then  reached,  were  called  in  question,  I  took  occasion 
before  entering  the  field  in  1878  to  revisit  the  locality. 

A  line  of  bluffs  begins  on  the  west  side  of  the  South  Platte 
River  at  a  little  way  below  the  mouth  of  St  Vrain's  Creek, 
md  continues  until  within  a  mile  or  two  of  Thompson  Creek. 
This  blufi*  is  more  or  less  distinct  on  the  north  side  of  the 
3t  Vrain  for  nearly  four  miles  from  its  mouth.  Similar  bluff's 
ire  conspicuous  along  the  northerly  bank  of  Thompson  for 
several  miles,  and  can  be  traced  thence  to  near  the  Cache  La 
Poudre  without  any  difficulty. 

A  low  bluff-like  ridge,  lying  at  from  one  to  three  miles  from 
ihe  river,  begins  at  Platteville  on  the  east  side  of  the  stream, 
ind  is  easily  followed  to  a  considerable  distance  northeastward 
Tom  the  town  of  Evans. 

In  the  bluffs  lying  on  the  west  side  of  the  Platte,  the  rocks 
lip  gently  northward.  On  the  opposite  side  the  dip  is  insig- 
nificant; a  very  gentle  anticlinal  was  observed  at  Jrlatteville, 
md  the  rocks  are  almost  horizontal  or  possibly  dipping  slightly 
oward  the  north  at  four  miles  southeast  from  Evans. 

On  the  West  side  of  the  South  Platte  River. — Following  the 
^de  of  the  Colorado  Central  Eailroad  on  the  west  side  of  the 
river,  one  finds,  somewhat  more  than  four  miles  above  Evans, 
m  outcrop  of  bright  yellow,  very  friable  sandstone,  forming  a 
sroad  band  on  the  bluffl  Fragmentary  outcroppings  of  the 
jame  rock  were  observed  farther  down  the  river,  but  here  for 
;he  first  time  the  exposure  is  satisfactory. 

On  the  Thompson,  the  exposure  ends  with  the  curving  bluff 
It  probably  five  miles  from  the  river,  and  the  dip  along  the 
stream  is  insignificant 

As  already  stated,  the  bluff  begins  again  on  the  south  side 
>f  the  Thompson  probably  two  miles  from  that  stream,  and 
is  continuous  thence  to  within  a  short  distance  of  the  St  Vrain. 
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Here  again  is  a  fine  exposure  of  the  sandstone  which  shows  a 
gentle  east-northeast  dip.  The  section  up  to  the  St  Yrain  is  as 
follows,  the  thicknesses  being  estimated : 

1.  Yellow  sandstone 450  feet. 

2.  Blue  sandstone ! 200     '' 

3.  Concealed 200     " 

4.  Yellow  sandstone 100     " 

6.  Gray  to  blue  sandstone 60     ** 

Total 1,000     " 

No.  1,  the  sandstone  already  referred  to  as  occurring  in  the 
bluffs  both  north  and  south  from  the  Thompson,  is  bright 
yellow  and  for  the  most  part  extremely  friable,  weathering 
easily  and  breaking  down  into  loose  sand.  But,  at  irregular 
intervals,  vertically,  it  shows  thin  layers  of  darker  sandstone, 
some  of  which  are  quite  compact,  while  others  are  flaggy, 
though  they  all  resist  the  action  of  the  weather.  The  uneqati 
resistance  to  the  weather  is  so  marked  that  south  from  the 
Thompson  the  bluffs  are  known  as  the  Monument  Blufis.  The 
features  are  exactly  the  same  as  those  shown  in  Monument 
Park,  north  from  Colorado  Springs,  and  the  peculiar  forms 
exhibited  in  photographs,  taken  by  Mr.  Jackson  in  that  Park, 
are  accurately  reproduced  here.  So  closely  do  the  rocks 
on  the  Platte  and  St.  Yrain  resemble  those  in  Monument 
Park,  that  one  might  well  be  tempted  to  imagine  that  they 
are  parts  of  one  series,  and  that  the  series  is  continuous  along 
the  whole  face  of  the  mountain. 

This  locality  was  visited  by  me  in  1878,*  in  company  with 
Mr.  J.  A.  P.  Kelley  of  Evans,  and  in  1878  with  Dr.  J.'innes 
and  Mr.  S.  A.  Stevenson  of  Evans,  and  Mr.  A.  J.  McClure  of 
Bellefonte,  Penn.  For  the  greater  portion,  the  soft,  yellow 
sandstones  are  devoid  of  fossils,  but  here  and  there  Halymenitti 
major  Lesqx.  occurs,  and  occasionally  one  stumbles  on  a  little 
nest  of  Ostrea,  The  harder  layers  are  quite  different,  many  of 
the  more  compact  being  crowded  with  the  Halymenites^  while 
most  of  the  flaggy  layers  contain  Fox  Hills  fossils,  among  which 
are  Ammonites  hbatus,  Nucula  cancellata,  Mactra  Warrenana^ 
and  numerous  other  species.  Other  layers  are  crowded  with 
fragments  of  carbonized  wood,  and  frequently  one  finds  in  such 
layers  oblong  cavities,  six  inches  long,  filled  with  carbonaceous 
matter  in  oolite  grains  and  closely  resembling  the  roe  of  a  large 
fish.  In  1873,  Mr.  Kelley  discovered  a  thin  layer  containing 
impressions  of  dicotyledonous  leaves.  But  the  leaf  specimens, 
with  nearly  all  the  other  specimens  obtained  during  that  visit, 

*  Notes  on  the  observations  made  in  1873  were  published  in  the  Proc.  Ljc 
Nat  Hist  of  N.  Y.  for  Jan.,  1874;  in  the  Proc.  Amer.  PhU.  Soc.  for  1875;  tnd 
in  the  renort  tr,  Lt  Wheeler,  published  in  1876. 
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wrere  destroyed  by  an  accident  to  the  building  where  they  were 
stored  in  Evana  Daring  my  last  visit  the  leaf  bed  could  not 
be  found. 

These  fossils  can  be  procured  between  the  Thompson  and 
St  Vrain  from  a  high  knob  near  the  Stone  House,  but  localities 
are  numerous  both  north  and  south  from  the  Thompson,  speci- 
mens having  been  obtained  by  me  from  both  siaes  of  that 
stream,  and  from  the  north  side  by  persons  connected  with  the 
&eological  Survey  of  the  Territories. 

The  blue  sandstone  appears  first  above  the  Stone  House,  and 
physically  differs  little  from  the  overlying  yellow  sandstone.  It 
contains,  however,  no  inconsiderable  proportion  of  shale,  while 
shaly  layers  are  few  in  the  other  rock. 

The  interval.  No.  8,  as  given  in  the  section  is  too  small,  but 
no  direct  means  of  determining  the  thickness  was  at  my  dis- 
posal, and  the  calculation  was  made  roughly  by  depending  on 
the  rate  of  dip  at  the  southern  termination  of  the  bluffs  at 
St.  Yrain.  The  sandstones  at  the  base  of  the  section  are 
exposed  on  the  St.  Vrain  at  nearly  three  miles  from  the  river. 
They  resemble  the  higher  sandstones  in  structure,  and  as  far 
as  examined  proved  to  be  non-fossiliferous. 

The  relation  of  this  enormous  mass  of  sandstone  to  the  coal 
beds  mined  by  the  St  Vrain  Company  could  not  be  made  out 
directly,  as  there  is  no  way  of  connectmg  the  exposures;  but  a 
barometric  line  carried  over  to  the  mines  seems  to  indicate 
that  the  coal  at  those  works  lies  not  far  from  the  horizon  of 
the  concealed  interval.  There  is  no  evidence  that  any  faults 
exist  in  this  vicinity.  Coaly  material  was  obtained  in  borinffs, 
b^an  on  the  north  side  of  St.  Vrian  in  the  sandstone  at  the 
base  of  the  section. 

On  the  East  side  of  the  South  Platte  River.— In  1874,  Dr.  J. 
Innes  made  several  borings  in  search  of  coal  at  about  five 
tniles  southeast  from  Evans.  No.  1  was  begun  in  dull,  yellow 
sandstone,  moderately  coarse,  containing  small  ferruginous 
Dodales  with  Halymenites  major  and  shells ;  but  only  fragments 
of  the  latter  were  seen,  suflBcient,  however,  to  show  that  they 
belong  to  characteristic  species  of  the  Fox  Hills  group.  This 
boring  was  carried  268  feet  and  gave  the  following  section : 

1.  Sandstone 62  feet. 

2.  Carbonaceous  shale 4     " 

3.  Yellow  sandstone 10     " 

4.  Lipht  shale 60    " 

6.  Wnite  sandstone 40     " 

6.  Blue  shale 10     " 

7.  Blue  sandstone... 10    " 

8.  Alternations  of  sandstone  and  shale 02     " 

Total 268    " 
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Certainly  ver^  diflferent  from  anything  exposed  on  the  western 
side  of  the  nver.  The  rocks  here  are  almost  horizontal,  but 
there  seems  to  be  a  very  slight  dip  toward  the  north.  Accom- 
panied by  Dr.  Innes,  and  Messrs  Miller  and  Stevenson  of 
Evans,  I  followed  up  the  gulch  from  this  boring  to  No.  2, 
which  is  but  a  short  distance  from  the  last  and  only  a  few  feet 
higher.  Between  the  two  is  a  blossom  of  coal  or  carbonaceous 
shale.  Almost  immediately  north  from  the  gulch  and  at 
barely  100  feet  above  No.  1,  a  third  boring  was  put  down, 
in  which  the  following  section  was  obtained : 

1.  Dirt 10  feet 

2.  Sandstone 10     " 

3.  Fire  clay 2     " 

4.  Sandstone 14     " 

6.  Blackshale 16     " 

6.  Sandstone 21     " 

7.  Fire  clay 1  foot. 

8.  Coal  with  a  little  shale 2  feet  10  inches. 

9.  Interval 28     "      3      " 

10.  Coal 0     "      2      " 


Total 105     "      8 
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The  black  shale,  No.  5,  is  very  carbonaceous  throughout,  and 
No.  10  is  in  close  proximity  to  the  dark  shale  or  coal  seen 
between  borings  No.  1  and  No.  2,  which  rests  almost  directly 
on  the  sandstone  at  the  top  of  the  section  in  No.  1. 

At  fourteen  feet  above  the  curb  of  this  boring,  a  shaft  was 
begun  in  order  to  reach  the  coal  bed^  No.  8  of  the  section ;  but 
after  it  had  been  sunk  to  a  depth  of  twenty-eight  feet.  Dr.  Innes 
made  a  boring  to  determine  the  character  of  the  coal  once  more. 
In  this,  the  upper  portion  of  the  shale,  No.  5  was  found  to  be  a 
coal  bed  two  feet  seven  inches  thick ;  the  coat  bedj  No.  8,  was 
unchanged  in  thickness,  while  the  little  bed  at  the  bottom  of 
the  third  boring  had  swelled  to  six  inches.  But  of  the  three 
beds  only  the  middle  one  showed  good  coal,  that  from  the 
others  being  very  soft  and  of  not  merchantable  quality. 

The  shaft  shows  10  feet  of  debris  resting  on  eighteen  feet  of 
sandstone.  The  latter  contains  several  fine-grained,  somewhat 
ferruginous  layers,  which  are  crowded  with  remains  of  Fox 
Hills  species,  of  which  many  weathered  specimens  siill  lie 
round  the  dump.  The  best  specimens  obtained  were  carried 
away  as  the  work  advanced,  but  a  box  of  them  was  selected 
by  Dr.  Innes,  and  sent  to  me  in  1874  by  Mr.  J.  A.  P.  Kelley 
of  Evans.  This  contained  the  following',  species:  AmmoniUs 
lobaiusj  Gardixim  spectosum,  Nucula  cancellata,  Mactra  alta^  Mactra 
Warrenana^  Lunaiia  Moreauensis  and  undetermined  species  of 
Anchura.  Fragments  of  these  were  set»n  on  the  dump,  and 
some  good  specimens  of  the  univalves  were  obtained. 
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At  a  little  distance  from  this  shaft  another  boring  was  made, 
^hich  shows  eleven  beds  of  coal  in  the  same  interval,  which 
vary  in  thickness  from  two  to  thirty-one  inches. 

One  cannot  join  the  exposures  on  the  east,  with  those  on  the 
west  side  of  the  river,  as  the  terraced  plains  of  the  Platte  are 
very  broad  from  Platteville  to  far  below  Evans.  At  the  same 
time,  the  fucoids  and  the  moUusks  are  fully  characteristic  of 
the  Fox  Hills  group,  and  show  that  the  rocks  on  both  sides  of 
the  river  are  of  the  same  age.  Those  on  the  east  side  have 
been  regarded  as  without  doubt  belonging  to  the  Laramie,  not 
to  the  Fox  Hills  Group. 

The  bluifs  on  the  west  side  between  the  Thompson  and  the 
St.  Vrain  have  been  colored  as  Laramie  on  Dr.  Hayden's  map. 
These  blufiFs  show  Fox  Hills  fossils  to  the  top ;  they  contain  no 
coal ;  no  leaf-impressions  were  found  by  Dr.  Hayden's  corpa 
It  is  difficult  to  understand,  therefore,  why  the  richly  fossil- 
iferous  sandstones  of  the  bluffs  should  be  colored  as  Laramie, 
while  the  underlying  sandstones,  without  characteristic  features, 
should  be  colored  as  Fox  Hills.  The  bluffs  along  the  Platte, 
both  north  and  south  from  the  Thompson  and  those  on  both 
sides  of  the  Thompson,  are  Fox  Hills  and  Fox  HilU  only.  No 
higher  rocks-  are  exposed  between  Thompson  and  St.  Vrain 
within  five  miles  west  from  the  Platte. 


Art.  XLV. — Note  on  the  Spectrum  of  Brorseri's  Comet;  by 
Professor  C.  A.  Young,  of  Princeton,  N.  J. 

After  several  unsuccessful  attempts,  I  have  at  last,  on 
April  Ist  and  2d,  obtained  fairly  satisfactory  observations  of 
the  spectrum  of  this  comet  It  consists  of  three  bands,  like 
the  spectra  of  all  the  other  comets  hitherto  observed,  the 
bands  being  well  defined  at  the  lower  (least  refrangible)  edge 
and  fading  out  towards  the  upper.  The  spectrum  is  so  faint 
that  observation  is  very  difficult,  and  I  was  able  to  determine 
the  position  of  onlv  one  of  the  bands — that  in  the  green,  which 
is  much  brighter  than  the  other  two. 

The  instrument  employed  was  the  9^  inch  refractor  of  our 
new  observatory,  armed  with  a  one-prism  spectroscope  of  suffi- 
cient dispersive  power  to  separate  the  D  lines  clearly ;  the  eye- 
piece has  a  micrometer  which  carries  a  bar  thick  enough  to  be 
seen  on  the  back-ground  of  even  a  very  feeble  spectrum.  The 
observation  was  made  by  placing  the  bar  so  that  the  bright 
edge  of  the  band  should  be  just  visible  as  a  thin  line,  the  rest 
of  the  band  being  occulted.  The  instrument  has  also  a  scale 
like  that  of  the  ordinary  chemical  spectroscope,  and  the  posi- 
tion of  the  micrometer-bar  is  determined  botn  by  the  reading 
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of  the  micrometer-screw  and  by  the  reading  of  the  scale,  illu- 
minated for  a  moment  after  the  bar  has  been  set 

On  April  1st  I  got  three  scale  readings — respectively  99*9, 
1000  ana  1004,  the  value  of  one  scale  division  in  this  part  of 
the  spectrum  being  very  nearly  25  units  of  Angstrom's  scale, 
or  about  double  the  distance  between  the  extreme  lines  of  the 
h  group,  the  readings  decreasing  with  the  wave  length. 

Just  before  dark  hi  in  the  spectrum  of  daylight  coincided 
with  100  on  the  scale ;  also,  immediately  after  the  third  point- 
ing and  without  disturbing  the  telescope,  spectroscope,  or 
micrometer,  the  flame  of  a  Bunsen  burner  was  presented  to  the 
slit,  and  the  lower  edge  of  the  green  band  in  the  well-known 
spectrum  of  this  flame  was  found  to  show  itself  at  the  edge  of 
tne  occulting  bar  precisely  where  the  comet  spectrum  had 
been.  We  may  therefore  fairly  conclude  that  the  lower  edge 
of  the  central  band  in  the  comet  spectrum  had  a  wave  length 
of  very  nearly  617  millionths  of  a  millimeter.  The  observa- 
tion of  April  Sd  confirms  this,  though  but  a  single  reading 
could  be  obtained.  The  only  special  interest  in  this  observa- 
tion lies  in  the  fact  that  in  1868  Mr.  Huggins  obtained  a  some- 
what different  result  for  this  same  comet 

In  an  elaborate  paper  published  some  years  ago  by  Vogel  in 
Poggendorff^'s  Annalen  upon  the  spectra  of  comets,  he  comes 
to  the  conclusion  that  there  are  several  different  kinds  of  oom- 
etary  spectra,  the  differences  lying  merely  in  the  wave-length 
of  the  bands.  But  he  seems  to  have  reached  this  conclusion 
by  assigning  rather  too  high  a  degree  of  accuracy  to  the  obser- 
vations. With  the  exception  of  Brorsen's  comet,  it  would 
seem  that  the  discrepancies  between  the  different  results  are 
entirely  within  the  range  of  probable  error,  and  that  there  is 
no  vaiid  reason  for  supposing  more  than  a  single  cometary 
spectrum,  slightly  modified  in  different  comets  by  difference 
of  pressure  and  temperature. 

It  would  now  appear  from  my  observations  that  Brorsen's 
comet  also  must  fall  into  line  with  the  rest. 

I  am  entirely  at  a  loss  how  to  explain  Mr.  Huggins's  result 
It  can  hardly  be  that  the  comet  has  really  changed  its  spectrum 
in  the  meanwhile,  and  a  careful  reading  of  his  account  (Proc. 
of  the  Royal  Society,  vol.  xvi,  p.  888)  gives  no  light  as  to  how 
an  error  could  have  crept  into  his  work;  on  the  other  hand, 
every  precaution  would  seem  to  have  been  taken. 

However  this  may  be,  I  am  quite  positive  as  to  the  accuracy 
of  my  present  result — that  the  middle  band  of  the  spectrum  of 
this  comet  now  coincides  sensibly  (to  a  one-prism  spectroscope) 
with  the  green  band  in  the  hydrocarbon  spectrum. 

The  comet  is  moving  very  nearly  in  the  path  assigned  by 
the  ephemeris  of  Schulze.  It  is  easily  visible  in  the  8-inch 
finder  of  the  equatorial,  and  in  the  telescope  itself  appears  as 
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a  JTOuDd  nebulosity,  between  30"  and  40''  in  diameter,  without 
definite  nucleus,  though  much  brighter  in  the  center.  Before 
the  new  moon  a  faint  tail  was  yisible,  about  one-half  degree  in 
length.  It  appeared  like  a  thin  streamer,  much  narrower  than 
the  head  of  the  comet,  perfectly  straight,  and  directed  from  the 
san. 

Prinoeton,  N.  J.,  April  6,  1879. 


Art.  XLVL — On  the  Hudson  River  Age  of  the  Taconic  Schists, 
and  on  the  Dependent  Relations  of  the  Dutchess  County  and 
Western  Connecticut  Limestone  belts  ;  by  Jambs  D.  Dana. 

The  paper  by  the  writer  on  the  Relations  of  the  Geology  of 
Vermont  to  that  of  Berkshire,  in  volume  xiv  of  this  Journal 
(1877),  closed  (on  p.  264)  with  the  following  paragraph : 

"The  magnitude  of  toe  results  are  strong  evidence  that  the 
so-called  limestone-area  is  really  but  a  small  part  of  a  larger 
r^on  of  cotemporaneous  disturbance  and  uplift.  The  true 
breadth  of  the  area,  as  well  as  length — whether  it  reached  to 
the  Connecticut  Valley  on  the  east  and  to  the  Hudson  River 
Valley  on  the  west,  and  so  had  the  breadth  of  the  Appalachian 
disturbance  of  a  later  epoch,  or  whether  it  had  narrower  limits 
— ^may  be  ascertained  by  studying  the  stratification.  Some  of 
the  results  of  such  a  study  as  regards  Connecticut  and  a 
portion  of  New  York  I  propose  to  give  in  another  paper/' 

Since  the  above  was  written  I  have  spent  much  time  in 
endeavoring  to  complete  my  observations  m  Connecticut  and 
the  neighboring  counties  of  New  York.  I  have  sought  to  deter- 
mine the  strike  and  dip  and  stratigraphical  relations  of  the 
rocks  of  Western  Connecticut — points  on  which  PercivaVs 
Report  contains  little,  since  he  aimed  chiefly  to  describe  the 
kinds  of  rocks  and  their  geographical  distribution,  and  did  not 
note  where,  in  any  case,  lines  of  stratification  and  of  lithological 
distribution  were,  as  is  often  true,  not  coordinated.*    I  have 

*  Dr.  Percival  was  a  Tery  exact  man  in  all  his  work.  He  made  great  numbers 
of  observations  on  the  dip  of  the  crystalline  schists  of  the  State,  but,  unfortu- 
nately, did  not  publish  them.  They  had  a  secondary  importance  wi^  him  because 
he  bdieyed  that  the  different  kinds  of  crystalline  rocks  were  formed  from  an 
original  crystallizing  magma  by  successive  segregations,  and  did  not  credit  the 
ordinary  views  as  to  stratification  and  metamorphism.  Lines  of  bedding  very 
often  steike  across  the  boundaries  of  his  lithological  areas,  showing  that  the  latter 
as  laid  down  on  his  map,  while  of  interest,  are  no  g^ide  to  tiie  stratification,  ex- 
cept in  the  case  of  the  limestone  areas  and  those  of  a  few  other  formations  of 
persistent  lithological  characters.  It  is  due  to  Percival  to  say  tiiat  his  theory  did 
not  lead  him  to  the  slightest  perversion  of  the  stratigraphic  or  other  facts  before 
hhn,  but  only  to  a  misappredation  of  some  of  their  bearings ;  and  had  the  State 
of  Oonneoticiit  been  more  generous  to  him  in  its  allowance  of  time  for  the  com- 
pletion of  the  survey,  and  of  money  for  the  publication  of  his  notes,  there  would 
Mrre  been  little  left  for  later  geologists  to  do. 

Am.  Joub.  Soi.— Thibd  Skbibs,  Vol.  XVII,  No.  101.— Mat,  1870. 
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made  observations  toward  the  same  end,  and  also  widely,  over 
Dutchess  and  Westchester  Counties,  New  York.  The  work  is 
still  far  from  finished.  But  the  discoveries  by  Mr.  Dale  at 
Poughkeepsie  throw  so  much  li^ht  on  the  general  question  at 
issue — the  age  of  the  Taconic  schists,  when  they  are  connected 
with  the  facts  already  learned,  that  I  here  anticipate  m^  fuller 
memoir  by  a  brief  statement  of  the  facts  and  their  beanng. 

1.    On  the  Hudson  Rivbb  Aob  of  thb  Taconic  Sohibts. 

(1.)  The  discovery,  by  Mr.  A.  Wing,  of  Trenton  fossils,  Trt- 
nucleus  concentricics  and  other  species,  in  beds  of  the  crystalline 
limestone  formation  of  Vermont  that  directly  adioin  and  under- 
lie conformablv  the  slates  of  the  north -and-south  Taconic  belt, 
has  establishea  the  fact  that  these  Vermont  slates  are  of  the  age 
of  the  Upper  Trenton  or  the  Hudson  River  group ;  and  the  fact 
that  this  Taconic  belt  continues  southward,  m  an  uninterrupted 
line,  into  and  through  Western  Massachusetts,  constituting  the 
Taconic  Mountains  (Ij^^S  ^^  ^^^  boundary  between  that  State 
and  New  York),  and  the  additional  fact  that  the  same  great 
limestone  formation  follows  the  belt  through  its  course  and 
underlies,  in  a  synclinal,  its  slates  or  schists — as  the  writer  has 
shown,  the  limestone  of  the  east  side  dipping  under  the  moun- 
tains and  becoming  the  limestone  of  Copake  and  Hillsdale  on 
the  west — affords  scarcely  less  positive  proof  that  these  Berk- 
shire Taconic  slates  also,  the  original  typical  Taconic  slates  of 
Emmons  long  supposed  to  be  Cambrian  or  pre-Silurian,  are 
of  Hudson  River  age. 

This  conclusion  loses  nothing  of  its  certainty  in  consequence 
of  the  fact  of  a  change  in  the  schists  of  the  belt  from  argil- 
laceous schists  at  the  north  (one  source  of  the  roofing-slate 
industry  of  Vermont),  to  hydromica,  chloritic  and  garnetiferous 
mica  schists,  and  staurolitic  schists,  toward  the  south  extremity 
of  the  mountains;  for  the  introduction  of  hydromica  schists 
(formerly  called  magnesian  and  talcose  schists)  takes  place  in 
Vermont  not  far  from  the  localities  that  afibrded  the  fossils; 
and  these  hydromica  schists  continue  the  whole  length  of  the 
belt,  though  more  chloritic,  more  coarsely  micaceous,  and  often 
garnetiferous,  to  the  south.  As  to  the  synclinal  of  the  Mt 
Washington  portion  of  the  Taconic  range  in  southwestern 
Massachusetts,  Professor  W.  W.  Mather,  in  a  section  on  Plate 
16  of  his  New  York  Geological  Report  (1848),  across  the 
mountains  fifteen  miles  farther  south,  represents  the  limestone 
of  Salisbury  as  dipping  westward  beneath  the  slates  while  those 
of  the  west  dip  eastward,  as  they  do  elsewhere  on  that  side  of 
the  mountains.  Further ;  my  own  recent  observations  in  Nor- 
thern Salisbury,  within  three  miles  of  the  Massachusetts  line, 
confirm  those  which  I  made  just  north  in  Western  Sheffield; 
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that  the  limestone  along  the  eastern  foot  of  the  mountains 
(near  or  west  of  the  nearest  road  to  them)  dips  westward — the 
dip  being  found  to  be  45°  to  60°  to  the  west,  with  the  strike 
between  N.  8°  E.  and  N.  8°  W.  (true). 

(2^  The  recent  discovery,  by  T.  Nelson  Dale,  Jr.,  of  fossils  of 
the  Hudson  Biver  group  in  the  slates  or  argillaceous  schists  of 
Poughkeepsie,  on  the  Hudson  River,  (sustaining  the  early 
views  of  the  New  York  geologists.  Professor  W.  W.  Mather  and 
Professor  James  Hall,)  affords  another  line  of  approach  to  the 
Taconic  Mountains  of  Massachusetts,  and  presents  further  evi- 
dence of  their  Hudson  River  age.  In  the  first  place,  the  lime- 
stone belt  which  lies,  as  above  remarked,  at  the  western  foot  of 
these  mountains  along  through  Hillsdale  and  Copake,  and 
which  is  the  western  side  of  the  mountain  synclinal,  branches 
oflf  from  Oopake  south -southwest  through  middle  and  western 
Ancram,  ana  extends  along  the  whole  course  of  the  vaUey  of 
Wappinger  Creek  to  the  Hudson  River,  which  it  reaches  only 
four  miles  below  Poughkeepsie,  with  a  single  interruption  of 
less  than  three  miles ;  and  it  is  everywhere  conformable  to  the 
argillaceous  schists  which  border  it  on  the  east,  including  those 
of  Poughkeepsie;  and  also  .with  those  on  the  west,  except 
along  a  region  of  faulting  near  Bangall  and  Stissing  Mountain 
(a  range  bordering  the  limestone  area  on  the  west  between 
Stissingville  and  Pine  Plains.)  This  continuation  of  the  slates 
and  limestone  northeastward,  from  the  Poughkeepsie  region 
to  the  Copake,  renders  it  highly  probable  that  the  same  lime- 
Atone  formation  which  adjoins,  and  is  conformable  to,  the 
Hudson  River  slates  or  schists  of  Poughkeepsie,  adjoins,  is  con- 
formable to,  and  underlies  the  schists  of  the  Taconic  Mountains. 

The  limestone  of  Wappinger  Valley  is  the  Barnegat  lime- 
stone of  Mather — so  named  from  a  locality  on  the  Hudson, 
south  of  Poughkeepsie,  where  it  is  burnt  for  lime ;  and  this 
geologist  gives  it  the  course  here  described,  mentioning 
that  it  outcrops  on  the  Hudson  at  the  mouth  of  Wappinger 
Creek  between  Barnegat  and  New  Hamburgh,  and  follows  the 
river  northeastward  to  Copake  (not  noting  the  break  in  it)  ;* 
and  he  also  states  that  it  appears  on  the  wesl  side  of  the 
Hudson  and  stretches  on  to  the  south-southwest,  passing  within 
one  mile  of  Newburgh,  into  the  town  of  New  Windsor,  in 
which  it  ends,  not  far  from  the  Archaean  of  the  New  Jersey 
Highlands,  in  a  small  body  of  water  called  Little  Pond.  The 
writer  has  examined  the  limestone  at  various  points  along  the 
vallev ;  and  he  has  found  the  conformability  to  the  slates,  stated 
by  Mather,  to  be  very  generally  trua     The  limestone  area  is 

*G6qL  Bep.  4to,  1843,  pages  413  and  437.  In  the  paragraph  on  p.  437  here 
wfaiwd  to,  tiiere  is  some  confusion  as  to  the  courses  of  the  other  Dutchess 
Oomty  ItniMtoiie  areas. 
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similar  to  the  limestone  reeion  east  of  the  Taconic  Moantains 
in  haviDg  large  limonite  beas,  not  onW  in  Copake  and  farther 
north,  but  also  in  Central  Ancmm  and  beyond  to  the  south; 
among  them  the  Reynold's  ore-pit,  three  to  four  miles  aonth- 
west  of  the  Weed  ore-pit  of  Soutnern  Copsks,  and  the  Moi 
a  mile  and  a- half  farther  south.  Thus  the  observations  ai 
well  with  the  view  that  the  limeatone  belt  which 
conformably  the  Hudson  Biver  arginaceous  Bcfaiet  of  Pc 
keepsie  is  the  same  that  borders  the  Taconic  achiet^  in  C(, 
and  Hillsdale.  If  ao,  since  the  Copake  and  Hillsdale, 
Western,  belt  of  limeatone  dips  under  the  Taoosic  Moar*~ 
and  eomefl  up,  on  the  east,  as  the  "Great  Centml  belt"  t. 
Qreen  ^fountain  region,  the  Barnegat  or  Wappinger  Tl 
limestone  is  only  a  southwestern  extension  of  the  great* 
stone  formation  that  outcrops  around  Dorset,  Satlai^ 
Middlebury,  VermooL     The  occurrence  of  limonite  beds^ 

the  junction  between  the  schists  and  limestone,  aa  a  ni 

their  alteration,  in  both  the  eastern  and  weston  belta,  ■, 
additional  mark  of  general  identity. 

[On  the  accompanying  map,  representing  a  portion  of  Bh 
em  New  York,  with  also  part  of  Western  Connecitoat  and  l] 
BOuthwe§t  comer  of  MagBaohusetts,  the  general  position  of  tH 
Dutchess  County  limestone  belts  is  shown,  from  their  ootem 
along  the  Hudson  River  to  their  junction  with  one  another  in  ^ 
Copake  limttstoiie  belt,  west  of  the  area  of  the  Taconic  Mot 
tains.  The  map  also  gives  the  position  of  the  southern  pfi 
of  the  "  tiveat  Central "  limestone  belt  of  the  (rreen  HoB 
tain  region,  as  laid  down  by  Percival  on  his  geological  i 
Connecticut,  from  Sheffield  in  Massachu setts,  and  Canaaa  \ 
Comiccticut  (where  it  has  the  width  which  characterises  ' 
farther  north  in  BerJcBhire  and  VermoTit),  through  Salisboiy  tp 
Sharon,  and  thence  through  Eastem  New  York,  here  gradnsU 
narrowing,  to  itH  end  among  contorted  beds  of  micaceous  gn^ 
eight  miles  south  of  Pawling,  and  just  east  and  north  of  tl 
Archiean  Highlands.  These  areas,  where  broadest,  include  mm 
intei'calated  beds  of  schist  and  isolated  schist  ridges.  TT)e  map  sis 
gives  the  position  of  two  eastern  limestone  belts  in  Ciinnecticnt,! 
that  of  Kent  and  Cornwall,  and  that  of  Brookfield  and  New 
Milford.  The  T-1ike  symbols  ovcrtlie  map,  indicate  the  strike  and 
dip  from  my  obHcrvations.J 

(3.)  Be.'iiiles  this  atratigraphical  evidence  we  now  have  nvm 
posrlii-e  efiilerice/rom  Oie  (jccurrence  of  Trenton  foxsils  in  the  Hint- 
atone  of  Kfinie  parts  of  Wajipiuger  Valky. 

Professor  Mather  makes  the  sLitement  in  his  quarto  New  York 
Report  (repeating  it  from  his  Annual  Report  of  1838),  that  in  a 
bed  of  slaty  limestone  existing  in  the  slates  one-and-afounh 
to  one-and-a-half  miles  north  of  Bamegnt.  "a  few  fossils  were 
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\p  f^  JhOcheM  and  the  adjoining  Countiee  of  Sattem  Ifew 
York,  toith  a  portion  of  Western  Connecticut  and 
Soutfuoeetem  Mattachusette. 


Utcheaa  Count;  ia  included  between  the  bouadarj  linss  AB  B.C.  on  tha  north, 
CD  on  the  soulh.  On  Che  north  is  Columbia  Count;,  aud  on  the  Boutb,  Put- 
1.  lie  ATchKan  Highlanda  of  Putnam  Couut;  are  a  continuation  of  those  of 
age  Countj,  New  York,  and  Sussex  Count;,  New  Jerse;.  The  light  ereaa 
resent  anaB  or  belts  of  limestone.  The  nobJied  line  just  west  of  the  Connect- 
,  boondu;  ia  the  oourse  of  the  Harlem  fiailroad.  B.  C,  Boston  Corners; 
L  A-.,  Oomwall  Bridge;  Mbb.,  Uabbittaville ;  P.  VaOq/,  Pleasant  Vatle;;  Sh., 
komeko  Station,  on  the  Dutchess  and  Connecticut  rulroad — the  two  Bti««mi 
be  ad^ining  limestone  area  being  tributaries  to  Sbekomeko  Brook. 
Mie,  I-lOtb  of  Ml  Inch  to  a  mile. 
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found  that  have  been  recognized  as  belonging  to  the  Trenton 
limestona"*  The  names  of  the  species  are  not  given.  The 
Barnegat  limestone  is  not  far  distant  to  the  south  and  is  the 
next  adjoining  stratum.  The  Poughkeepsie  slates  dip  beneath 
the  limestone,  the  dip  being  southeastward.  But  if  the  rocks 
are  in  folds  and  the  limestone  makes  an  antidtnaly  it  is  an 
inferior  bed  notwithstanding  the  position.f  In  the  Barnegat 
or  Wappinger  Valley  limestone,  which  is  a  dark  gray,  semi- 
crystallme  rock,  Professor  Mather  found  no  distinct  fossils. 
He  states  that  his  assistant,  Professor  C.  Bri^s,  ^'in  making 
his  section  from  Poughkeepsie  to  Canaan  in  ^nnecticut,  dis- 
covered faint  traces  of  shells  at  a  quarry  a  little  south  <rf 
Pleasant  Valley  on  the  bank  of  Wappmger's  Creek;  but 
they  were  too  imperfect  for  determination.  They  were  sit- 
uated between  the  slaty  layers,  which  have  a  dip  to  the 
south-southeast  of  85**  to  40°."  Mather  quotes  also  I^rofesBOT 
Briggs  as  reporting  that  Mr.  William  Thorn  of  this  place 
(Pleasant  Valley)  had  informed  him  that  ''he  had  often  seen 
shells  in  the  lime  rock,  although  they  are  rare.'':^ 

Had  Professor  Mather  himself  visited  that  quarry  half  a 
mile  southwest  of  Pleasant  Valley  (about  seven  miles  north- 
east of  Poughkeepsie),  he  would  not  have  left  the  fossiliferoos 
character  of  the  limestone  in  doubt,  and  inserted  discrediting 
remarks  in  his  Beport.  Besides,  Logan's  unfortunate  idea  of  the 
Quebec  group  extending  over  the  region,  and  some  other 
wrong  geological  inferences,  would  never  have  had  birth.  At 
a  visit  to  the  locality  this  spring,  in  order  to  ascertain  the  facts 
in  the  case  (in  whicn  I  was  accompanied  by  Professor  Wm.  B. 
Dwight  of  Vassar  College,  Poughkeepsie)  I  found  fossils  abund- 
ant and  distinct.  Among  them  we  observed  at  the  time  of  our 
visit,  remains  of  two  or  three  species  of  Crirwids^  Oyaihophyl 
hid  corals^  Leptcena  sericea,  Orthis  tricenarta^  0,  iestudinariOy 
Orthoceras  junceum^%  forms  suggesting  Strophomena  alieniata 
and  fragments  of  Trihbiies,  What  appeared  to  be  the  rounded 
pebbles  of  a  conglomerate  layer,  proved  to  be  worn  specimens 

of  a  Chceietes  ?  with  columns   not  over   l-260th   of  an 

inch  in  diameter.  The  snow  was  deep  over  the  country  (so 
deep  that  our  geological  excursion  was  made  "on  runners," 
since  either  "  on  foot  *'  or  "  on  wheels "  would  have  been 
attended  with  some  difficulty),  and  hence  a  full  examination 
of  the  locality  could  not  then  be  made.     It  cannot  be,  for  the 

♦  Page  401. 

f  Professor  Mather  calls  the  Barnegat  limestone  Calciferoua^  apparently  becauM 
he  had  proved  a  limestone  bed  above  it — that  above  referred  to — to  contaiii 
Trenton  fossils ;  he  could  have  had  no  other  reason  for  it,  for  he  says  that  he  had 
no  fossils  from  it 

1  Page  410. 

§  The  form,  size,  and  distance  between  the  septa,  are  the  same  as  in  this  epwxt^ 
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same  reason,  at  the  present  time  (March  21),  and  I  have  left 
the  region  to  be  reported  on  further  by  Professor  Dwight 

Another  locality  of  fossils  in  the  Wappinger  Valley  limestone 
at  Bochdale,  four  miles  east  of  Poughkeepsie,  had  been  visited 
by  Professor  Dwight  the  week  before — he  naving  been  informed 
with  r^ard  to  fossils  there  the  day  after  he  received  my  invita- 
tion to  join  me  in  the  excursion — ^and  it  is  not  less  prolific 
Great  surfaces  are  covered  with  the  Crinoidal  remains,  and  all 
the  species  observed  at  Pleasant  Valley  are  found  there ;  and, 
besidfes,  a  portion  of  an  Endoceras,  ten  inches  long  and  two 
inches  wide  at  its  larger  end,  and  remains  of  large  specimens  of 
Itecepiaculites.  I  refer  to  the  article  following  this  for  Professor 
Dwight's  preliminary  account  of  the  fossils. 

Previously,  early  in  December  (the  day  before  the  first  snow- 
storm of  the  late  snowy  winter),  I  made  a  search  for  fossils  at 
the  northern  end  of  the  Wappinger  Valley  limestone,  in  eastern 
Ancram,  just  west  of  the  extremity  of  WinchelFs  Mountain 
and  not  three  miles  distant  from  the  Taconic  Mountains,  and 
found  what  I  then  and  now  believe  to  be  the  common  Trenton 
species,  Orthis  oecidentalis  ;*  and  with  it  there  is  another  kind, 
of  uncertain  character,  which  may  possibly  be  the  Trenton 
Siraphomena  alternata.  The  specimen  of  the  Orthis  presents  to 
view  a  section  of  the  shell,  having  the  size,  form  ana  thickness 
indicated  in  the  accompanying  figure.  The  thin  shell  is  con- 
verted into  white  calcite  (through  the  metamorphism)  ex- 
cepting in  some  parts  an  extremely  thin  exterior  layer;  and 
over  a  portion  of  the  exterior  (at  c) 
there  are  sections  of  a  few  of  the 
costse.  The  hin^e  side  of  the  shell 
is  wanting  in  the  specimen.  A 
horizontal  section  made  through 
the  more  convex  (or  ventral)  valve 
was  found  to  have  the  form  which 
it  should  have  if  of  the  species  here 
supposed;  and  so  for  the  other  valve.  The  evidence  is  therefore 
quite  strong  in  favor  of  its  being  this  common  Trenton  Brachi- 
opod. 

The  forms  referred  doubtingly  to  Strophomena  aliemata 
have  the  arcuated  outline,  shape  and  thickness,  that  would 
belong  to  sections  of  this  arcuate  shell.  They  are  of  white  cal- 
cite and  correspond  to  individuals  one  to  two  inches  broad  and 
diminishing  mostly  from  a  fourth  to  a  sixteenth  of  an  inch  in 
thickness.  Besides  the  sections,  there  are  also  broad  concave 
surfaces  like  the  inner  surface  of  valves.  No  appearance  of 
striation  can  be  detected  in  connection  with  any  oi  the  forms. 

^  The  Bpedmens  were  from  a  larg^  freshly  broken  mass  of  limestone  by  th^ 
road  iide  that  was  evidently  derived  from  an  outcrop  near  by. 


882    J,  D.  Dana — Hudson  River  Age  of  Ae  Taconic  SchisU. 

I  have  beeD  again  over  the  ADcram  region,  bat  without  finding 
other  specimens — the  limestone  being  much  more  crystalline 
than  it  is  toward  Poughkeepsie. 

The  fossils  of  Pleasant  Valley  and  Rochdale,  prove  that  the 
limestone  of  Wappinger  Creek  Valley  contains  a  stratum  of  the 
age  of  the  Trenton;  and  that  of  Ancram  has  the  same  bearing. 
The  width  of  the  part  of  the  belt  at  the  two  former  places 
is  two-thirds  to  three-fourths  of  a  mile;  and  since  the  bed 
containing  the  fossils  is,  at  each  of  these  localities,  within  200 
to  230  yards  of  the  eastern  margin  of  the  limestone  belt,  it  is 
probably  one  and  the  same  bed.  The  lithological  character 
of  the  rock  sustains  this.  The  tvestem  inargin  lies  conformably 
against  the  Poughkeepsie  ^' Hudson  River"  slate;  and  hence  the 
2.  western   portion   also   must   be  Trenton* 

It  follows  then:  firsts  that  the  belt  is  an 
anticlinal  of  limestone  (as  represented  in 
the  figure,  /  toward  the  east  side,  being 
the  obiserved  fossiliferous  bed);  and,  mc- 
ondly^  that  the  slate  on  the  east  of  it  is  of 
Hudson  River  age,  as  well  as  that  wesL 
Further:  these  facts,  and  the  concurring 
evidence  from  Ancram,  where  the  lime- 
stone is  essentially  the  Copake  limestone, 
leave  little  doubt  that  Trenton  beds  continue  northward  to  the 
very  foot  of  the  Taconic  Mountains ;  and  that  the  schists  of  the 
Taconic  Mountains,  like  those  of  either  side  of  the  Wappinger 
Valley,  including  WinchelFs  Mountain,  are  Hudson  Rtver  in 

age. 

ThjE5  Wappinger  Valley  belt  may  have  at  centre  a  Chazy  or 
other  subjacent  limestone  stratum ;  and  if  so,  the  fact  would 
only  make  more  complete  the  identity  of  the  Poughkeepsie 
and  Vermont  formations. 

In  the  vicinity  of  Stissing  Mountain  there  are  quartzyte  out- 
crops ;  and,  if  the  rock  is  of  the  age  of  tlie  Potsdam  sandstone, 
the  portion  of  the  limestone  next  adjoining  may  be  Calciferous. 
The  mountain  consists  of  fine-grained,  gray  gneiss,  along  with 
riato  on  the  west,  and  at  the  southern  end  the  gneiss  contains 
minute  zircons;  I  reserve  the  discussion  of  the  age  of  the 
fWti^  for  another  paper — the  first  draught  of  which  was  made 
^W^rlv  eight  years  since. 

i4>  But  this  Wappinger  Valley  limestone  is  not  the  only  south- 
«Mi«vl  <^xtonsion  of  the  Copake  limestone.  Another  (see  Map) 
vfe.\iMii^i?*  (^^^^^  ^^  south wara  by  the  western  foot  of  the  Taconic 
^NiMlAins  through  Boston  Corners  and  Millerton ;  and  in  the 
xK^wlv  v^(  the  latter  place  it  has  its  limonite  beds.  Thence  it 
A  *>uih-by-west  course  through  Western  Amenia,  and 
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Eastern  WashiDgton.  It  stops  in  the  latter  town  just  east  of 
Mabbitsvilla  But  six  miles  south,  in  the  next  town,  Unionvale, 
it  appears  again  in  the  valley  of  the  Clove,  and  follows  Fishkill 
Creek  to  its  junction  with  the  Hudson.  At  Poughquag,  it  has 
the  extraordinary  breadth  of  three  miles,  and  it  continues  to 
have  great  width  past  the  village  of  Old  Fishkill ;  but  it  then 
narrows,  becomes  confined  to  the  south  side  of  the  Fishkill 
Creek  in  Glenham,  and  is  very  narrow  toward  the  mouth  of 
the  creek.*  It  evidently  loses  in  breadth  in  this  part  because 
of  its  nearing  the  Archsean  region  of  the  Highlands,  which  is 
not  half  a  mile  distant;  and  its  more  western  course  from 
Poughquag  to  the  Hudson  has  the  same  origin.  The  Hudson 
Biver  slates  border  it  conformably  on  the  north.  Limonite 
beds  occur  along  this  belt  in  Unionvale,  where  is  the  Clove 
ore  bed,  two  on  Sylvan  Lake,  and  one  in  East  Fishkill. 

Through  this  Millerton-and-Fishkill  belt  of  limestone  there 
is  hence  a  second  connection  between  the  Hudson  River  slates 
of  the  borders  of  the  Hudson  River  region  and  the  schists  of 
the  Taconic  Mountains. 

The  limestone  is  throughout  as  decidedly  crystalline  as  in  the 
northern  half  of  the  Wappinger  Valley  belt  (though  never 
coarsely  so) ;  and  hence  fossils  would  be  uncommon  if  occur- 
ring in  it  at  alL  In  many  places  forms  sucrorestini;  a  fossil 
origin  are  to  be  met  with.  ^  ^  ^       ^ 

Wherever  the  limestone  contains  seams  of  quartz  such  indi- 
cations rarely  occur,  the  most  suggestive  appearances  being 
small  and  thin  isolated  bits  of  quartz,  arcuate  in  section.  Since 
the  silicification,  or  the  making  of  the  siliceous  seams,  was 
carried  forward  by  hot  siliceous  waters  (not  cold,  as  in  the  case 
of  silicified  shells  in  an  unaltered  limestone)  during  a  time  of 
metamorphism  in  which  the  limestone  was  crystallized  and 
quartz  veins  were  made  in  the  slates  or  schists,  fossils,  if  any 
were  present,  would  naturally  have  been  dissolved  away. 
Almost  the  only  chance  for  recognizable  forms  is  in  places 
where  the  limestone  is  without  quartz,  and  the  seams  and  spots 
it  contains  are  of  white  calcite.  One  of  this  kind,  whicn  I 
observed  in  the  limestone  seven  miles  north  of  Millerton,  near 
the  base  of  the  Taconic  Mountains,  seemed  to  be  part  of  a 
valve  of  a  ribbed  Brachiopod,  and  others  of  like  suggestive- 
ness  were  met  with  in  some  of  the  limestone  cuts  between 
Hopewell  and  Fishkill.  Such  appearances  favor  the  expecta- 
tion that  distinct  fossils  may  yet  oe  found  in  this  belt     Three 

*  I  found  the  limestone  outcropping  at  the  village  of  Lithgow,  and  east  of 
MabbitsriUe  (Mbb.  on  map),  as  stated  by  Mather.  South  of  this,  the  country  is 
high,  1^  elevated  region  to  the  eastward  (called  farther  south  Chestnut  Ridge) 
apreeding  over  it,  and  having  its  rocks  small  in  dip,  with  undulations,  and  witii 
the  limestone  evidently  concealed  beneath.  The  limestone  reappears  where  the 
valky  opens  again,  along  Clove  Brook,  and  is  thence  continuous  to  the  Hudfloo. 
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milflB  west  of  Hopewell  I  obtained  Hpecimens  looking  clood; 
like  the  Wappinger  Valley  Ouxletes,  but  with  its  structure  loet 
Between  the   Wappinger- Valley  and  Fiahkill-aDd-Millerton 
belts,  there  are  other  outcrops  of  limestone. 

One  area,  nearly  six  miles  long,  lies  between  the  □orthern 
ends  of  these  belts,  in  the  Shekomeko  Valley.  (See  the  aaip.) 
Winchell's  Mountain  bounds  it  on  the  east,  and  Husted  station 
is  towaM  its  northern  extremity.  The  limestone  is  similar  to 
that  of  the  Fishkill-aod-Millerton  belt,  but  has  in  many  parts 
^  a  delicate   bedding   that 

shows  the  action  of  slovly 
moving  water  during  its 
accumulation.  The  ac- 
companying figure  (from 
a  photograpb)  repreaeotB, 
natural  size,  figures  on  a 
specimen  of  blue  lime- 
stone, from  a  ledge  near 
Shekomeko  Station  {Sk.], 
which  are  of  white  calcite 
and  similar  to  those  al- 
luded to  above  as  sag- 
gestive  of  Brachiopoda 
Another  specimen  oon- 
tains  a  group  of  black  curving  surfaces,  which  are  unqaee- 
tionably  of  organic  origin,  and  look  like  impressions  of  a 
few  successive  broken  segments  of  a  TrihbiU  1\  in,   broad. 

Another  area  exists  just  below  the  Verbank  railroad  station, 
where  two  small  hills  of  a  badly  rifted,  quartz-seamed,  gnarled 
limestone  occur,  which  is  various  in  strike,  but  mostly  nearly 
north  and  south,  and  i»  without  continuation  at  surface  either 
north  or  south.  A  third  occurs  at  Arthursburg,  hardly  eight 
miles  south  of  Verbank.  I  learn  from  Professor  Dwight,  that 
a  ledge,  1,800  feet  wide  occurs  two  miles  southeast  of  Pleasant 
Valley.     Mather  mentions  one  between  Redhook  and  Milan. 

Over  the  country  between  the  two  Dutchess  County  limestone 
belts,  the  dip,  excluding  some  local  exceptions,  is  eastward 
(mostly  betweerf  east-by-south  and  east-southeast)  and  the  beds, 
as  has  been  stated,  are  all  conformable.  It  is  true  that  the 
cleavage  of  slates  is  not  always  conformable  to  the  stratification ; 
but  since  over  this  region  the  lamination  in  them  corresponds 
in  all  cases  with  the  bedding  of  the  many  intervening  limestone 
strata,  the  uncertainties  which  are  thus  introduced  do  not  aflect 
the  above  general  statement  as  to  conformability  and  eastward 
dip.  In  a  supplement  to  this  paper,  the  actual  dips  and 
courses  observed,  will  be  given. 

Roeks. — The  schists  and  limestone  east  of  the  Taconic  Moan- 
buna  are  more  crystalline  than  those  west,  and  the  crystalline 
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racter  diminishes  from  these  mountains  westward  toward  the 
Ison,  just  as  it  diminishes  along  their  line  northward  toward 
tral  Vermont  The  rocks  are  mica  schist  and  hydromica 
st,  and  to  the  south  micaceous  gneiss,  over  the  eastern  part 
)utchess  County ;  but,  approaching  Poughkeepsie,  the  schist 
►art  fails  even  of  the  glossy  luster,  and  becomes  dull  argil- 
ous  and  partly  carbonaceous  schist  North  of  Dutchess 
nty,  in  Columoia  County,  argillaceous  schist  is  the  prevail- 

rock,  and  it  is  often  carbonaceous  in  Ancram  and  part  of 
ake.  Tbe  micaceous  gneiss  of  the  Taconic  schist  belt  is 
I  seen  two  miles  west  of  Pawling;  and  here,  against  its 
ern  side,  between  it  and  the  limestone,  there  lies  a  large 
)nite  ore-bed.  And  this  gneiss-like  character  continues  to 
extremity,  south  of  Towner's,  where,  in  a  dry  portion  of  a 
e  marsh,  north  of  Croton  Lake,  the  limestone  is  exposed  to 
7,  alternating  with  coarse  gneiss.  In  the  slate  ridge  next 
t,  the  northern  extremity  of  which  is  called  Winchell's 
mtain  (west  of  Boston  Corners  and  Millerton),  the  rock  is 
llyte,  and  hydromica  schist,  partly  chloritic;  but  to  the 
Lh,  it  becomes  gradually  coarser,  being  a  mica  schist  on  its 
ern  or  more  crystalline  side,  at  Wassaic ;  and  ten  miles  farther 
;h,  a  decided  mica  schist  on  its  western  side,  and  still  coarser 
;he  east ;  and  even  gneissoid  south  of  this.*  Mather  recog- 
d  the  same  changes,  in  this  range  of  slate,  stating  it  thus 
p.  N.  Y.  Geol.,  p.  483) :  '*  in  its  northern  part  of  slate  and 
3se  and  chloritic  slates ;  the  middle  part,  ot  mica  slate ;  and 
southern  portion,  of  gneiss."  The  extremity  of  the  "Great 
tral"  limestone  belt  is  in  the  area  of  Croton  lakaf 
'he  facts  in  Dutchess  County  thus  show  that  argillaceous 
St,  hydromica  schist,  mica  schist  of  garnetiferous,  chloritic, 
rolitic  and  other  varieties,  and  micaceous  gneiss,  which  are 

occurring  rocks  of  the  so-called  "Taconic  system"  or 
iconian,"  are  here  of  one  and  the  same  age,  and  they  leave 
e  reason  to  doubt  that  they  are,  together,  of  the  age  of  the 
ison  River  Oroup, 

[uartzvte  occurs  adjoining  the  Archaean,  southwest  of  Mat- 
7an,  three  miles  from  the  Hudson  Eiver — a  locality  pointed 
to  me  by  Mr.  Charles  M.  Wolcott  of  Fishkill.    The  quartzy  te 

Looording  to  a  section  by  Prof.  N.  H.  Winchell  (received  by  the  author  from 
n  1872)  from  the  top  of  Winchell's  Mountain  eastward  to  Lakeville,  seven 
,  along  a  line  f  m.  north  of  Millerton,  the  rock  of  WinchelPs  Mountain  west 
e  summit  is  argiUyte,  and  east  of  it  mica  schist :  next  east  is  the  Millerton 
tone  nearly  two  miles  wide ;  next,  mica  schist,  of  the  same  width,  having, 
»  west  a  thin  stratum  of  "  compact,  fibrous  hornblende  schist,  somewhat  mica- 
I "  (as  seen  in  a  section  on  the  Connecticut  Western  R.  R.) ;  and  then,  the 
tone  of  Lakeville.  The  dip  is  stated  to  be  north  of  east,  except  at  Lakeville 
e  there  is  a  low  anticlinal. 

t  is  rather  probable  that  an  outcrop  exists  two  miles  farther  south,  in  the 
1  another  pond  south  of  Dykeman's,  though  none  is  in  view.  There  is  hen 
i  tmnination  cf  the  valley  by  high  Archaean  hills. 
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was  jointed  and  obscure  in  its  bedding ;  bat  since  a  limonite 
deposit  (usually  situated  in  these  regions,  between  conformable 
strata  of  schist  or  quartzyte  and  limestone)  adjoins  i%  and 
the  proprietor,  Mr.  Wolcott,  found  this  one  resting  on  beds 
approacning  the  quartzyte  in  character,  it  is  very  probable  that 
the  stratum  is  conformable  with  the  limestone,  whose  outcrops 
are  not  far  distant,  and  that  it  is  of  the  age  of  the  Potsdam 
sandstone.  The  adjoining  portion  of  the  limestone  may  hence 
prove  to  be  Calciferous  or  Chazy.  Quartzyte  rests  on  the 
ArchsBan  also  at  Poughquag,  but  in  nearly  horizontal  beds 
(see  this  Journal,  in,  iii,  250,  1872)  indicating  a  fault  between 
it  and  the  adjoining  limestone.  Mather  mentions  its  occurrence 
also  at  Shenandoah. 

At  Glenham  near  Fishkill,  a  flesh-red,  coarse  granite-like 
stratum  (or  **  bastard  granite,"  as  it  has  been  called)  lies  between 
the  limestone  and  the  slate,  conformable  to  both ;  and  it  is  e?i- 
dently  one  of  the  stratified  deposits,  as  is  shown  by  its  conform- 
able position,  and  its  taking  the  color  of  the  idate  near  the 
junction.  The  adjacent  Archaean  Highlands  were  the  source 
of  the  coarse  granitic  sand  of  which  it  was  made. 

2.  Dependent  Relations  op  the  two  Dutchess  County  loo- 

STONE  belts   and  TWO   EaSTEBN  BELTS   IN    CONNECTICUT. 

The  preceding  map  also  represents,  from  Percival,  two  eart- 
ern  belts  of  limestone  in  Connecticut,  the  Kent  belt  and  the 
New  Milford  belt ;  and  I  may  add  that  I  have  been  over  these 
regions  pretty  thoroughly,  and  can  attest  to  Percival's  correct- 
ness. 

Viewing  these  belts  and  the  three  to  the  west  together, 
and  remembering  that  the  Great  Central  belt  is  identified  with 
the  Green  Mountains  through  Massachusetts  and  far  into  Ver- 
mont, it  seems  to  be  a  safe  conclusion  that  all  are  parts  of  one 
system ;  and  that  they  owe  their  existence  to  a  series  of  exten- 
sive cotemporaneously-made  folds  of  the  wide-spread  Lower 
Silurian  formation  of  the  region.  The  New  Milford  and  Kent 
belts  are  the  opposite  sides  of  a  synclinal;  for  the  schistose  rocks 
between  have,  as  I  have  found,  a  westward  dip  along  the  east- 
em  portion,  and  an  eastward  dip  along  the  western  portion,  as 
indicated  by  the  symbols  for  the  dip  and  strike  on  the  map. 
The  Great  Central  belt  and  the  Kent  belt  pass  one  into  me 
other  in  the  vicinity  of  South  Dover  (see  map),  and  also  to  the 
north  in  the  eastern  part  of  Canaan,  and  thus  they  are  one 

Over  the  large  gneiss  area  next  west  of  Kent,  the  schistose 
rocks  are,  for  the  most  part,  conformable  to  the  adjoining  lime- 
stone belts — the  strike  about  N.  20°  E.  along  the  southern  half 
and  on  the  eastern  side  of  the  northern  half,  and  with  N.  50° 
E.   as   the  average  near  the  Housatonic  River,  as  if  from  a 
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incli  in  the  mass.  On  the  southern  portion  of  the  east  side 
;h  north  and  south  of  Kent,  and  also  along  a  large  part  of 
loest  side,  the  rock  adjoining  the  limestone  is  quarlasyte; 
1  next  follows  gneiss ;  die  quarizyte  in  several  places  is  gneis- 
ij  and  graduates  into  the  hard  gneiss.  South  of  Sharon,  the 
k  next  to  the  quartzyte  is  granulyte,  and  there  is  a  partial 
nsition  from  one  to  the  other.  The  quartzyte  of  the  two 
es  of  the  area  is,  with  little  doubt,  the  same  stratum,  and 
^bably  the  Potsdam  sandstone;  and  in  that  case  the  con- 
raable  gneiss  will  correspond  to  inferior  beds  of  the  Primor- 
1,  and  the  adjoining  portion  of  the  limestone  belts  may  be 
ciferous;  further,  the  strata  make  an  anticlinal  over  the 
ervening  area  of  gneiss.  This  area  includes  some  uncon- 
mable  ledges,  both  in  the  northern  and  southern  half,  in 
ich  occur  chondroditic  limestone,  syenyte,  beds  of  titaa- 
x)us  magnetite,  and  hard  gneisses,  which  may  be  Archsean ; 
1  if  so,  they  are  outliers  of  the  large  ArchsBan  area  of  the 
;hlands  which  exists  to  the  southwest 

Influence  of  the  Limestone  belts  on  the  Features  of 

THE  Surface. 

!jimestone  being  a  brittle  rock,  the  region  of  flexures,  whatever 
thickness  of  the  overlying  mass,  would  have  been  profoundly 
3tured,  especially  in  anticlinals ;  and  bein^  also  a  soft  rock,  it 
uld  have  oeen  easily  carried  away  by  denuding  agenciea 
e  limestone  belts  are  the  chief  courses,  as  Percival  pointed 
i^  of  all  the  greater  valleys  and  streams  of  the  limestone 
ion ;  and  in  these  valleys,  as  I  have  found,  the  underdip- 
g  side  of  the  limestone  is  generally  the  bold,  precipitous 
e,  owing  to  the  undermining  which  it  has  occasioned.  This 
lo  generally  true  that  vertical  fronts  in  these  metamorphic 
ions  (and  I  may  add  in  Westchester  County  as  well  as 
bber  north  and  northeast)  are  pretty  sure  evidence  of  out- 
pping  limestone  below. 

4.  Conclusions. 

L  The  Taconic  schists  are,  according  to  the  evidence,  of  the 

I  of  the  Hudson  River  group. 

5.  The  conformability  in  the  rocks  between  the  eastern  of  the 

anecticut  belts  and  the  Hudson,  being  established  by  obser- 

ion,  the  five  limestone  belts  are  plainly,  as  above  suggested, 

t  five  outcropping  bands  of  the  Lower  Silurian  limestone  for- 

tions,  brought  to  the  surface  by  a  series  of  flexures. 

t.  The  disturbance  which  upturned  and  crystallized  the  lime- 

nes  and  other  conformable  formations  in  the  Green  Mountain 

a,  through  Vermont  and  Massachusetts,  extended  south  over 
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certaiDly  a  larffe  part  of  Western  Connecticut,  and  over  Eastern 
New  York  at  least  to  the  Hudson. 

That  bard  gneisses  and  mica  schists  are  among  the  indnded 
formations  does  not,  in  any  way,  affect  the  eyidence  or  the  eon- 
elusions  here  deduced. 

These  conclusions  coincide  partly  with  those  reached  bj 
Professor  Mather,  as  stated  on  pages  488,  464,  and  628  of  his 
Beport,  namely:  (1)  That  the  limestone  of  Eastern  New 
York  and  the  6reen  Mountain  rt^ion,  including  that  of  West- 
chester County  down  to  New  York  Island,  is  of  the  Trenton 
or  Calciferous  (Canadian)  periods ;  (2)  that  the  slates,  gneiss, 
mica  schist  and  other  rocks,  directly  associated  with  the  lime- 
stone in  Massachusetts  and  elsewhere,  are  of  the  Hudson  Biver 
age ;  (8)  that  the  quartzy  te  is  of  the  age  of  the  Potsdam ;  (4) 
that  the  making  of  the  Green  Mountains  and  the  metamorpbism 
of  Western  New  England,  took  place  at  the  close  of  the  iiower 
Silurian.  Proposition  (L)  appears  to  me  to  be  established,  if 
we  admit,  in  addition,  that  tne  limestone  may  in  some  placcB 
be  in  part  Primordial,  and  leave  out  of  consideration,  for  the 
present,  that  of  Westchester  County.  Proposition  (2)  is  pretty 
well  demonstrated  as  far  as  the  slates  or  scnists  of  the  Taconic 
Banse  are  concerned ;  but, — as  I  present  in  the  second  of  my 
articles  on  Berkshire  geology — we  cannot  say  now  of  the 
gneiss  and  mica  schist  ridges  to  the  east  of  the  Taconic  range 
more  than  this,  that  they  are  Lower  Silurian  ;  and  among  the 
gneisses  are  those  also  oi  local  Archaean  areas.  Proposition  (3) 
IS  almost  certainly  true  for  part  of  the  quartzy  te,  but  it  is  not  yet 
safe  to  say  this  of  aU.  Proposition  (4)  has  strong  support  in  all 
the  observations  which  I  have  made  in  the  Green  Mountain 
region. 

Professor  Mather  has  a  separate  chapter  on  '*  Primary  rocks '' 
under  which  head  he  incluaes  the  rocks  of  the  Highlands,  and, 
with  these,  the  gneisses  and  mica  schists  of  Westchester  County 
and  New  York  Island.  The  distribution  of  the  limestone  areas 
of  Westchester  County  with  reference  to  one  another  and  those 
of  Connecticut,  and  their  stratigraphical  relations  to  the  gneisses 
and  mica  schists  associated  with  them,  are  a  basis  of  evidence  on 
this  question  of  age,  and  the  facts  I  have  observed  and  mapped 
I  shall  present  in  a  following  number  of  this  Journal. 

The  nature  and  stratification  of  the  schistose  rocks  interven- 
ing between  the  Connecticut  limestone  belts  I  have  studied 
with  some  detail,  and  I  propose,  after  further  investigations, 
and  the  removal  of  some  doubts  as  to  the  limits  of  the  included 
Archsean,  to  make  these  also  the  subject  of  another  paper. 
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'.  XLVIL — On  some  recent  Explorations  in  the  Wappinger 
aUey  Limestone  of  Dutchess  County^  New  York;  by  Prafeasor 
'^M.  B.  Dwight,  of  Vassar  College,  Poughkeepeie,  N.  Y. 

T  attention  was  called  to  tbe  possible  fossiliferous  character 
le  Wappinger  Valley  limestone  by  an  invitation  from  Pro- 
)r  Dana  to  join  him  in  examinations  at  Pleasant  Valley,  of  a 
rted  locality  of  fossils  doubtingly  mentioned  by  Professor 
her.*  In  order  to  further  the  object  in  view,  I  made 
liries  with  regard  to  another  reputed  locality,  at  Bochdale, 
the  next  day  I  was  gratified  to  find  the  limestone  there 
inding  in  fossila  Since  the  excursion  to  this  place  and 
5ant  Valley  with  Professor  Dana,  which  took  place  a 
days  later,  I  have  continued  my  search  in  the  Bamegat 
(Tappinger  Greek  limestone,  he  leaving  the  field  to  me,  and 
3  discovered  still  other  localities ;  and  it  is  the  object  of  this 
3r  to  mention  the  facts  thus  far  ascertained, 
s  my  acquaintance  with  this  part  of  the  country  has  been 
a  brief  one,  and  as  my  researches  have  been  conducted  in 
scanty  hours  that  could  be  snatched  from  my  collegiate 
1^  during  the  last  four  weeks,  the  results  which  T  here  put 
*ecord  should  be  regarded  as  merely  preliminary  to  the 
s  careful  investigations  of  this  interesting  formation  which 
pe  to  make. 

he  first  locality  which  I  examined  was  one  at  Bochdale, 
re  alluded  to,  where  objects  of  peculiar  forms  had  been 
rted  to  have  been  found,  thougn  there  is  no  evidence  of 
scientific  examination.  It  is  situated  four  miles  northeast 
^oughkeepsie,  on  the  premises  of  Mr.  Henry  Titus.t  The 
stone  here  has  a  dip  of  60°  southeasterly,  with  a  strike  of 
6^  E.  (true).  The  examination,  though  short,  afforded  me 
idant  evidence  of  fossils,  and  some  determinable  species,  as 
ws: — LepUxna  sericea,  an  internal  cast  of  the  ventral  valve, 
7ing  the  characteristic  form  of  the  callosities  for  visceral 
jhment,  and  the  striae  in  reverse;  two  specimens  of  Orthis 
aaria;  small  encrinal  columns  in  countless  numbers ;  a  spiral 
I,  two  and  a  half  centimeters  in  diameter,  exhibited  only  in 
on,  imbedded  in  the  rock. 

3sides  these,  there  are  many  specimens  of  a  species  of  Recep- 
\ites.  Groups  of  cylindrical  or  club-shaped  columns,  half 
nch  or  so  long,  project  inward,  somewhat  radially,  from  a 
>w  but  rather  firm  shell  of  ir)'egular  form  which  varies  much 
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take  thiB  occMion  to  acknowledge  my  indebtedness  -to  Professor  T.  J. 
18,  of  Yassar  GoUege,  for  information  of  this  locality,  and  assistance  in  point- 
it  foMflSy  and  to  Messrs.  Henry  and  ^ohard  Titos,  proprietors  of  the  Booh- 
ro(d«n  ndllt,  for  courteous  cooperation  in  the  work. 


890   W.  R  Dtmght—Fo88ik  of  the  Wappinger  VijMojf  Li^^ 

in  size ;  they  consist  of  the  limestone  and  are  evidently  the 
fillings  of  the  tubes  of  Keceptacalites.  They  are  so  imbedded 
in  the  rock  that  I  have  not  yet  been  able  to  detach  any  for 
special  study,  as  I  propose  soon  to  do. 

My  second  trip  to  this  locality,  a  week  later,  was  made  in 
company  with  Professor  Dana.  I  found,  at  this  time,  another 
distinct  specimen  of  Leptcena  sericea,  one  JEacharopora  rectcL,  one 
PUlodictya  acuta,  a  pygidium  of  a  trilobite,  seversd  specimens  of 
Orihis  tricenarxa^  an  Orthis  pectinelloj  one  Endoceras  twenty  or 
twenty-five  centimeters  long,  one  small  OrthoceraSj  two  of  Orihis 
ieatudinaria,  and  some  Chcztetes  of  minute  columnar  structure. 

On  the  same  occasion  we  visited  a  quarry  on  Wappinger 
Creek,  about  half  a  mile  below  Pleasant  v  alley,  where  liather 
reported  faint  traces  of  shells  to  have  been  found,  "  too  impe^ 
feet  for  identification."  We  found  abundant  evidence  of  the 
fossiliferous  character  of  the  rock,  the  fossils  being  generally 
similar  to  those  at  Bochdala  In  a  subsequent  examination  of 
my  specimens  here  collected,  I  obtained  one  well-defined  spe- 
cimen, and  several  small  fragments,  of  Strophomena  aUemata,— 
showing  its  characteristic  arrangement  of  striaa ;  also,  very  aban- 
dantly,  the  Chsstetes  found  at  Kochdale,  from  two  inches  to  one- 
quarter  or  less  in  diameter.  The  large  specimens  are  some- 
times semi-globular,  and  suggest  Chcetetes  lycoperdon^  but  for 
the  microscopic  tenuity  of  the  columns ;  but  other  specimens  are 
pyriform,  and  I  am  not  certain  as  to  the  normal  shape.  The 
ammeter  of  the  columns  is  less  than  l-200th  of  an  inch.  As  it 
appears  to  be  new,  I  propose  for  it  the  name  Ch.  tenuissimcu 

My  subsequent  trips  have  been  taken  alone.  On  the  farm  of 
Mr.  Brittenberger,  two  miles  southeast  of  Pleasant  Valley,  east 
of  Wappinger  Creek,  I  found  a  second  and  parallel  outcrop  of 
limestone,  1800  feet  wide,  separated  by  slate  from  the  main 
body  of  the  Wappinger  Valley  belt.  The  rock  is  here  filled 
with  limestone  pebbles  of  various  sizes  and  lighter  in  color 
than  the  mass.  Many  of  these  may  have  been  organic,  and 
very  likely  corals,  but  crystallization  has  so  obliterated  the 
structure  that  if  detected  at  all,  it  must  be  by  microscopic 
examination.  There  was  one  specimen  which  is  probably  an 
encrinal  column  about  seven  centimeters  long,  and  seven  milli- 
meters wida 

I  have  made  examinations  at  Salt  Point,  on  Wappinger 
Creek,  at  the  junction  of  Salt  Point  Creek,  ten  and  a  half  miles 
northeast  from  Poughkeepsie,  and  also  at  a  number  of  places 
between  Salt  Point  and  Pleasant  Valley.  At  Salt  Point  the 
limestone  has  a  width  of  2200  feet,  and  it  is  about  that  width,  or 
somewhat  wider,  toward  Pleasant  Valley.  It  is  mostly  on  the 
west  side  of  the  creek,  and  for  a  distance  of  four  miles  south  of 
Salt  Point,  it  varies  from  i;he  greater  part  of  the  outcrop  by 
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having  a  westerly  dip  of  70^  to  85°,  the  strike  averaging  about 
N.  26  E.  (true).  Thus  far  I  have  succeeded  in  finding  here 
only  the  spiral  shell  met  with  at  Rochdale,  and  three  small  but 
very  distinct  Orthocerata.  This  spiral  shell  occurs  in  particular 
layers  extending  through  this  entire  section  ;  some  specimens 
appear  to  be  scattered  through  the  rock,  but  in  these  layers 
they  exist  in  immense  numbers.  On  a  single  surface  of  50 
square  centimeters,  which  I  broke  out  of  the  solid  rock,  there 
are  more  than  twenty  distinct  specimens.  This  is  beyond  the 
average,  but  the  specimens  are  often  so  numerous  as  to  crowd 
upon  each  other. 

The  best  localities  I  have  discovered  are  in  two  quarries  of 
F.  B.  Wallace,  on  Wappinger's  Creek,  respectively  one  and 
one-quarter  and  one  and  one-half  miles  below  Salt  Point;  and 
in  two  cuts  on  the  Poughkeepsie,  Hartford  and  Boston  Bailroad 
track,  two  miles  north  of  Pleasant  Valley.  Generally  only  the 
simple  spiral  line  is  preserved  in  section.  In  many  cases, 
however,  more  or  less  of  the  tube  of  the  whorls  remains,  quite 
hollow,  but  its  surface  too  granular  to  allow  the  preservation 
of  any  marking.  The  spire  in  many  cases  shows  a  depression 
of  about  two  millimeters  below  the  surface  of  the  outer  whorl. 
In  most  cases  no  septa  are  visible,but  among  some  fine  specimens, 
from  the  lower  Wallace  quarry,  several  show  distinct  internal, 
transverse  septa.  One,  which  is  unusually  good  and  sharply 
defined,  shows  as  many  as  fifteen  septa  in  its  four  whorls  in 
good  state  of  preservation.  I  have  not  yet  been  able  to  make 
out  clearly  a  siphuncle.  Most  of  the  specimens  exhibit  four 
whorls,  and  some  traces  of  a  fifth ;  the  rate  of  expansion  in  the 
width  increases  gradually,  the  spirals  being  closely  coiled.  A 
few  of  these  spiral  shells  are  loosely  coiled  ;  and  some,  whose 
whorls  present  an  angular  edge,  are  of  essentially  different 
character  from  the  others.  From  present  appearances  I  should 
judge  most  of  these  shells  to  be  those  of  Trocholiies,  but  I  hope 
soon  to  secure  more  decisive  specimens. 

At  Manchester,  three  miles  east  of  Poughkeepsie,  no  organic 
remains  appeared,  except  a  beautiful  fucoid,  which  had  much 
resemblance  to  Buthotrephis  gracilis^  and  covered  a  large  slab  of 
rock. 

In  a  visit  to  an  outcrop  on  the  Hudson  River,  one  and  one- 
half  to  two  miles  south  of  Milton  Ferry,  1  discovered  no  fossils 
except  a  good  specimen  of  Leptxzna  sericea^  in  the  rock  quarried 
from  the  limestone  near  where  it  borders  on  the  shale  that  lies 
on  its  north  side. 

The  results  in  fossils,  of  ray  examinations,  the  specimens  of 
which  were  taken  in  every  instance  from  the  solid  rock  in 
place,  may  be  summed  up  as  follows: — 
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From  Rochdalb. 

♦  Orthis  tricenaria  ;  several 

*  O,  pectinella  ;  one. 
^L^tama  sericea  ;  two. 
^Escharopora  recta  /  one. 
* Ptilodictya  acuta  ;  one. 

Caudal  shield  of  small  trilobite,  probably  Asaphtts  vehisius;  one. 

JSndoceras  (probably  proteiforme) ;  one. 

Orthoceras  not  well  defined ;   one. 

Spiral  univalves ;  several 

ChoBtetes^  named  above  Ch,  tenuissima  ;  many. 

Encrinal  columns ;  exceedingly  numerous. 

Heceptcusulites;  numerous. 

Fbom  Pleasant  Yallbt. 

♦  Orthis  tricenaria  ;  several 

*  O.  pectinella  ;  one. 
*0.  testudinaria  ;  two. 
*Leptama  sericea  ;  one. 
*Strophomena  aUernata;  one  or  more. 
ChcBtetes  tenuissima  ;  very  common. 
Enciiual  columns ;  abundant. 
BeUerophont ;  one. 
Undetermined  corals ;  several. 

Between  Salt  Point  and  Pleasant  Valley. 

TVocholites  f ;  exceedingly  numerous. 

Oncoceras  constrictum  f ;  one  specimen,  two  centimeters  in 
length  and  same  in  width. 

Orthocerata;  one,  three  centimeters  long,  with  twelve  septa; 
one,  about  a  centimeter  long,  with  five  septa. 

Manchester. 
Fucoids  (Buthotrephis  gracilis  f) ;  one. 

Besides  other  conclusions  from  these  researches,  the  follow- 
ing may  be  safely  drawn: — 

1.  The  "  Barnegat  limestone/'  contrary  to  views  hitherto 
presented,  is  a  bighly  fossiliferous  formation,  though  on 
account  of  alteration,  fossiliferous  localities  are  rare  compared 
with  the  exposure  of  rock. 

2.  The  fossils  are  apparently  those  of  the  Trenton  limestone, 
and  therefore  immediately  underlie  the  adjoining  shales  which 
are  now  referred  to  the  Hudson  River  group. 

8.  Tn  the  presence  of  the  Chaetetes  of  delicate  structure, 
and  of  the  layers  thickly  packed  with  spiral  shells,  the  lime- 
stone appears  to  differ  from  that  of  any  other  known  region  of 
this  formation. 

Yassar  College,  Poughkeepsie,  N.  Y.,  April  7,  1879. 

*  Clearly  defined  as  to  specific  character. 
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Art.  XLVIIL — Observations  on  the  Planet  discovered  March  2l8t; 
by  C.  H.  F.  Peters.  (From  a  letter  to  the  editors  dated 
Litchfield  Observatory  of  Hamilton  College,  Clinton,  N.  Y., 
April  2d,  1879.) 

I  TAKE  pleasure  in  communicating  the  following  observa- 
tions on  a  planet  discovered  on  March  21st,  the  only  ones  the 
bad  weather  has  permitted  me  to  make. 

1879.  H.  C.  mean  t  a  (194)  6  (194)  No.  of  comp. 

March  21  14M6"47''  12»»12"  3-91«  +  9^26W-2       20 

"        81         9  23  12  12    4  20*07  +11     1     3-9         12 

April      1  9  11  13  12    3  34-63  +11  10    1-6         10 

The  planet  is  bright  eleventh  magnitude.  On  the  same 
evening  I  found  still  another  planet,  10th  magnitude,  and 
observed  it ; 

March  21. 
llh  32°»  21"  m.  t.     a=ll»»  68°  46"-49 ;  6=  +9**  18'  2'-8  (16  comp.) 

As  my  computations  from  the  elements  (the  Berlin  ephem- 
erides  have  not  yet  arrived)  did  not  indicate  an^  of  the  older 
planets  in  that  place,  I  had  reason  to  believe  tnis  one  too  a 
new  one,  and  accordingly  gave  public  notice  of  it  Professor 
Foerster,  however,  remarks  that  this  is  Leio  (68).  And  indeed, 
I  find  now,  that  in  the  elements  of  Leio  given  in  the  Berlin 
Jahrbuch  there  is  an  error  of  print  made  in  1877,  and  perpetu- 
ated through  the  later  volumes  until  1880.  The  epoch  prmted 
there,  1874,  should  read  instead  1864. 


Art.  XLIX. — Note  on  the  Stratigraphy  of  the  Huronian  Series 
of  Northern  Wisco7i3i7i  ;  and  on  the  Equivalency  of  the  Uuro- 
man  of  the  Marquette  and  Penokee  Districts;  by  R  D.  Irving. 

In  the  number  of  this  Journal  for  September,  1876,  Major  T. 
B.  Brooks  has  given,  in  a  scheme  of  equivalency  for  the  strata 
of  the  difierent  Huronian  districts  in  the  neighborhood  of  Lake 
Superior,  a  synopsis  of  the  Huronian  section  on  Bad  River, 
Northern  Wisconsin,  which  is  quite  erroneous.  The  error  has 
arisen  chiefly  from  the  failure  to  recognize  the  existence  of  a 
very  important  break  in  the  strata — which  break  has  indeed 

f'lven  the  river  an  opportunity  to  cut  its  way  through  the 
enokee  range — and  also  from  the  difficulty  in  marking  the 
line  between  the  two  great  and  totally  distinct  series,  the 
Huronian,  and  Keweenawan  or  Copper-bearing  series.  Major 
Brooks's  section  is  professedly  a  rough  one  only. 
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I  have  myself  recentlv  completed  a  study  of  my  field  results 
over  the  Huronian  belt  of  this  part  of  Wisconsin,  as  also 
of  over  one  hundred  thin  sections  of  the  rock  specimens  gath- 
ered, and  have  made  a  section  which  I  think  may  be  regarded 
as  final.  A  synopsis  of  this  is  given  below,  as  it  will  appear  in 
vol.  iv  of  the  Wisconsin  reports.  I  should  say  here  that  in 
beginning  my  lithological  work  on  the  Huronian  of  this  r^on, 
I  was  aided  by  a  detailed  microscopic  description  of  nine 
selected  specimens  furnished  by  Mr.  A.  A.  Julien.  In  the 
year  that  has  elapsed  since  then  I  have  familiarized  myself 
with  this  (to  me)  new,  and  all-important  method  of  investiga- 
tion, and  have  examined  sections  from  nearly  every  ledge  of 
importance  within  the  Huronian  area. 

Synopsis  of  the  Stratigraphy  of  the  Huronian  of  the  Penokee 

jReyion,  Wisconsin. 

Laurentian. 

Chloritic  hornblende-gneiss  and  pink  quartzose  granite. 

Huronian. 

(Non-conformable  with  the  Laurentian.) 

Formation.  Arermgt  tUckDMi. 

L     Tremolitic  (Julien)  crystalline  limestone 90fl. 

II.  (A)  Arenaceous  white  ^arte^^e,  often  brecciated  35  ft. 

(B)  Magnetitic quartz-schist 5fL       40 fL 

III.  Siliceous  slaty  schists  ;  including  quartzite,  "  argil- 
litic"  mica  schist,  and  novaculite;  all  having  much 
quartz,  and  none  ever  showing  any  amorphous  material     410  ft 

IV.  Magnetic  belt;  including  (a)  banded  magnetic 
quartzite — gray  to  red  quartzite,  free  from,  or  lean  in 
iron  oxides,  banded  with  seams,  from  a  fraction  of  an 
inch  to  several  inches  in  width,  of  pure  black  granular 
magnetite  only  rarely  mingled  with  the  specular  oxide; 
(b)  magnetitic  quartzite — the  magnetite  in  very  varying 
proportions,  pretty  well  scattered  throughout,  and 
mingled  with  the  specular  oxide  in  proportions  varying 
from  nothing  to  a  predominating  quantity ;  (c)  magnet- 
itic quartz  slate,  the  magnetite  pervading  the  whole, 
and  mingled  with  the  specular  oxide,  as  before ;  (d) 
slate  like  (c)  but  largely  charged  with  tremolite  or 
actinolite ;  (e)  arenaceous  to  compact  and  flaky  quartz- 
ite, free  or  nearly  so  from  iron  oxides ;  (f)  thin-lamin- 
ated, soft  black  magnetitic  slate;  (g)  hematitic 
quartzite,  the  iron  oxide  the  red  variety ;  (A)  gamet- 
iferous  actinolite  schist,  or  eclogite ;  (t)  diorite,  which 
is  restricted  to  the  western  end  of  the  Huronian  belt. 
Kinds  (a)  to  (d)  all  carry  much  pyrolusite,  or  other 
manganese  oxide.  These  varieties  have  no  persistent 
stratigraphical  arrangement,  and  are  named  here  in 
order  of  relative  abundance.     Total  thickness  about     780  ft. 
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Formation.  Average  thlckneat. 

V.  Black  fddepathic  slate ;  coDsisting  of  orthoclase 
grains  imbedded  in  a  paste  of  biotite,  pyrite,  limonite 
(Julien)  and  carbon 180  ft, 

VI.  Unknown,  always  drift-covered 880  ft. 

VIL     Dark  gray  to  black,  aphanitic  micorslate^  havins  a 

wholly  crystalline  base  of  quartz  and  orthoclase,  with 
disseminated  biotite  scales 120  ft. 

VIII.  Unknown,  but  probably  in  large  part  the  same 

as  VII...- - 290  ft. 

IX.  Chlontic,  pyritiferous,  massive  diorite  (Julien) 160  ft. 

X.  Black,  aphanitic  mica-slate^  like  VII 26  ft. 

XL     Covered,  but  probably  black  mica-slate 280  ft. 

XII.  Black  mica-slate  ;  aphanitic ;  at  times  chiastolitic 
(Julien) 225  ft. 

XIII.  Chlontic  diorite-^chist 86  ft. 

XIV.  jgtocA:  mica-slate^  like  XII,  often  chiastolitic 375  ft. 

XV  to  XVllL     Alternations  of  black  micchslates^  with 

guartzites  and  quartz-schists 675  ft. 

XJlX.     Greenstone-schist  /    aphanitic ;    the    hornblende 

and  plagioclase  much  altered 260  ft. 

XX.     Covered ;  but  probably  like  XXI 525  ft. 

XXL  Mica  schist ;  from  aphanitic  to  medium-grained ; 
including  bands  of  light-gray  quartz-schist,  the  mica 
becoming  subordinate;  all  varieties  having  a  back- 
ground of  quartz ;  the  mica  wholly  biotite ;  penetrated 
hj  veins  and  masses  of  very  coarse,  pink  to  brick-red 
biotite  granite ;  total  seen  on  Bad  River 4,960  ft. 

Total  thickness  of  the  Huronian   in  the   Bad   River 

section 10,300  ft. 

Add  higher  layers  seen  farther  cast;  same  as  XXII..  2,500ft. 

Total   12,800  ft. 

Keweenawan. 
(Non-conformable  with  the  Huronian.) 

Very  coarse  to  fine-grained  gabbro,  including  granite  veins 
and  masses. 

The  Bad  River  section  does  not  show  the  entire  thickness  of 
the  Huronian,  for  the  reason  that  the  overlying  gabbros  of  the 
Keweenawan  Series  cut  diagonally  across  the  Huronian.  Seven 
miles  west  of  Bad  River  the  whole  thickness  of  strata  between 
the  Laurentian  gneiss,  and  Keweenawan  gabbro,  does  not  ex- 
ceed 2,500  feet,  while  at  the  same  distance  eastward  it  is  over 
12,000  feet. 

Equivalency  of  the  Huronian  systems  of  the  Marquette  and  Pen* 
€kee  Districts. — There  can  be  little  doubt  that  the  Huronian 
basin  of  Marquette  was  once  directly  continuous  with  that  in 
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which  the  Penokee  rocks  were  deposited ;  there  are,  indeed,  do 
facts  yet  on  record  going  to  show  that  the  two  rock-sjstems 
are  not  at  the  present  time  directly  connected,  though  at  sur- 
face the  connection  is  obscured  by  the  overlying  horizontal 
Potsdam  sandstona  Pumpelly  and  Brooks*  have  carried 
the  Penokee  belt  uninterruptedly  eastward  as  far  as  Lake  Goge- 
bic, where  a  deep  depression,  made  by  ancient  erosion,  occupied 
now  by  the  horizontal  sandstone,  terminates  the  range  abruptly. 
From  here  to  the  westernmost  known  portion  of  the  Marquette 
Huronian  is  a  distance  of  less  than  forty  miles. 

In  the  Marquette  region  Major  Brooks  has  made  out  with 
great  care  and  skill  a  succession  of  beds  which  he  numbers  from 
V  to  XIX.  That  essentially  the  same  succession  exists  in  the 
Penokee  region,  there  can  be  little  doubt  An  attempt  to  make 
out  a  scheme  of  equivalency  for  basins  always  disconnected, 
based  on  lithology  alone,  would,  beyond  doubt,  be  but  time 
wasted.  In  the  present  case,  however,  the  two  districts  are 
really  continuous,  and  many  of  the  layers  in  the  two  r^ions  so 
very  constant  in  their  characters,  that  there  can  be  no  valid 
objection  to  the  attempt  It  is  undoubtedly  true  that  it  is  very 
easy  to  make  many  mistakes  in  such  a  scheme,  owing  to  the 
dying  out  of  certain  layers,  and  the  variations  along  the  line  of 
strike  of  some  member  of  the  series,  which,  if  not  originally 
present,  may  have  been  produced  by  the  partial  process  of  met- 
amorphism  to  which  the  whole  Huronian  system  has  been  sub- 
jected. No  scheme  of  equivalency  can  then  be  regarded  as  of 
any  value,  that  is  not  based  upon  those  few  grand  features  of 
the  stratigraphy,  which  are  shown  to  be  quite  constant  The 
prominent  facts  in  this  connection,  that  nave  pressed  them- 
selves upon  me  while  studying  over  my  field-results  in  connec- 
tion with  the  reports  and  typical  collection  of  the  Michigan 
survey,  are  here  given.  Major  Brooks,  whose  wide  experieDce 
in  the  several  Huronian  regions  of  the  northwest,  and  whose 
skill  in  Huronian  stratigraphy,  are  well  known  is,  I  believe, 
preparing  a  complete  presentation  of  the  whole  subject  of  the 
equivalency  of  the  strata  of  the  various  districts.  The  follow- 
ing are  otitered  as  suggestions  toward  the  fuller  treatment  of 
the  subject 

In  Wisconsin  we  find  at  the  base  of  the  series  a  great  bed 
(III)  of  light-colored  quartzose  slates  and  schists,  over  400  feet  in 
thickness,  with  characters  so  pronounced  that  it  has  been  traced 
uninterruptedly  for  over  fifty  miles.  The  rocks  of  this  layer 
vary  from  schistose  vitreous  quartzites,  to  argillitic  mica-schists, 
while  subordinate  to  it  are  the  two  lower  members,  the  white 
arenaceous  quartzite  (II)  and  tremolitic  crystalline  limestone 
(III).     Now  in  the  Marquette  region  the  base  of  the  series  is  a 

♦Geological  Survey  of  Michigan,  vol.  i,  p.  183  of  Report  on  Iron  Rocks,  and  p. 
1,  of  Report  on  Copper  Rocks. 
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great  bed  of  quartzite  (V),  including  argillitic  schists,  and  lime- 
stones, both  quite  indistinguishable  in  hand  specimens  from  the 
Wisconsin  rocks.  From  the  descriptions  in  the  Michigan  re- 
ports this  layer  is  evidently  no  less  prominent  and  persistent 
than  No.  Ill  of  our  series.  It  appears  evident  that  the  two  are 
directly  equivalent 

Above  the  siliceous  slates  in  the  Penokee  system  we  find  a 
great  belt  (IV)  of  magnetitic  schists,  of  the  several  varieties 
above  indicated,  which  is  unquestionably  continuous  from  Lake 
Nemakagon  in  township  44,  range  6,  west;  eastward,  nearly  to 
Lake  Gogebic,  a  distance  of  over  eighty  miles.  In  Michigan 
a  succession  of  layers  of  strictly  similar  rocks — both  macro- 
scopically  and  microscopically — overlies  the  great  '*  Lower 
Quartzite."  In  Michigan  there  are  intercalated  diorite  bands. 
In  Wisconsin  these  are  known  only  toward  the  western  portion 
of  the  belt,  where  they  are,  however,  very  prominent  The 
peculiar  gametiferous  rock  of  the  Penokee  section  has  its  exact 
equivalent  in  the  Michigan  magnetic  belts,  while  numerous 
otner  peculiar  details  are  the  same  in  the  two  regiona  I 
should  then  regard  the  Penokee  magnetic  belt  as  equivalent 
to  Nos.  VI  to  XI  of  Major  Brooks*  Marquette  series. 

Immediately  above  the  magnetic  belt  (IV)  of  the  Penokee 
system,  or  separated  from  it  by  a  band  of  black  slate  (V), 
which  is  not  known  to  be  sufficiently  persistent  to  deserve 
consideration  in  the  present  connection,  is  always  a  covered 
space  without  exposure,  corresponding  to  nearly  900  feet  in 
thickness  of  layers  (VI).  This  would  appear  to  be  the  equiva- 
lent of  the  belt  including  the  rich  ores  of  Michigan  (XIII  and 
XIV),  a  point  of  some  practical  interest 

Above  this  blank  space  we  find  the  prevailing  rock  for  a 
thickness  of  over  2,000  feet  to  be  a  black  aphanitic  mica  slate, 
which  includes,  however,  bands  of  quartzite,  and  thinner  ones 
of  diorite,  besides  which  there  are  blank  spaces,  the  nature  of 
whose  underlying  rock  is  a  matter  of  conjecture  (VII  to 
XVm).  The  black  slates  and  iiiterstratified  quartzites  are 
known  at  points  along  a  belt  over  twenty  miles*  in  length. 
The  equivalents  of  these  members,  in  the  Marquette  region, 
appear  to  lie  from  XIV  to  XVIII  of  Major  Brooks's  scheme, 
where  we  have  quartzite  and  true  clay  slate,  besides  brown  to 
black  carbonaceous  slates,  often  distinctly  micaceous. 

Forming  the  uppermost  members  of  the  Penokee  system, 
we  find  a  great  development  of  mica  (biotite)  schists,  equaling 
in  thickness  all  of  the  lower  members  of  the  series,  and  including 
dark  gray,  aphanitic  kinds,  quite  coarse,  gneiss-like  kinds,  be- 
sides highly  quartzose  kinda  It  is  certainly  a  striking  fact, 
that  in  the  Marquette  region  the  uppermost  member  (XIX),  a 
mica  schist,  is  the  thickest  of  the  whole  series,  covering  often 
a  width,  according  to  the  Michigan  maps,  of  over  a  mile. 
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The  granites  which  Major  Brooks  places  in  his  scheme  as 
the  youngest  of  the  Penokee  Huronian  (see  this  Journal  for 
September,  1876)  are  merely  intrusive  patches  and  veins  of 
small  size  and  area,  cutting  both  the  upper  mica  schists  of  the 
Huronian,  and  the  lower  gabbros  of  the  Keweenawan  system. 
The  gabbros  are  placed  unhesitatingly  with  the  Keweenawan, 
for  the  following  principal  reasons :  (1)  their  general  mineral 
composition  allies  them  closely  with  the  typical  diabases  of  the 
Keweenaw  series  while  contrasting  them  with  the  hornblendic 
Huronian ;  (2)  when  followed  along  the  general  trend  of  the 
formation,  they  are  found  giving  place  to  typical  Keweenawan 
diabase  and  aiabase  amygdaloid;  (3)  similar  gabbro  occurs 
interstratified  with  the  undoubted  Keweenawan  rocks ;  (4)  the 
gabbro  belt  cuts  diagonally  across  the  Huronian,  which  it  nar- 
rows in  places  to  less  than  one-third  the  full  thickness,  thus 
proving  a  distinct  non-conformity.  These  gabbros  are  regarded 
as  of  igneous  origin,  having  been  one  of  the  first  of  the  great 
flows  of  the  Keweenaw  system,  and  laid  down  upon  the  slightly 
disturbed  Huronian  beds. 

University  of  WiBoonsin,  Bee.  3l8t,  1878. 
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Mass, ;  by  A.  A.  JULIEN. 

A  MINERAL,  pseudomorphous  after  spodumene,  occurs  in 
granite  veins  of  Hampshire  County,  Mass.,  which  appears  to 
be  that  first  found  by  Shepard,  and  by  him  called  cymatolite. 
The  variety  at  Goshen  was  analyzed  by  Burton,  and,  on  the 
ground  of  his  results,  has  been  assigned  to  pihlite.  A  specimen, 
identical  in  physical  characters  with  the  mineral  of  Shepard, 
has  yielded  me  the  following  composition : 

Oxygen. 

Water 2-58  2-29 

Nitrogenous  organic  matter '43 

Potash _  8-38  1-42 

Soda 2-57  '66 

Lithia -09  -05 

Lime -48  -14 

Magnesia '75  '30 

Manganons  oxide '18  "04 

Feme  oxide 1*66  -49 

Alumina 24*38  11-38 

Silica 58-11  30-99 


99-61 
These  new  results,  corresponding  by  the  old  system  to  the 

formula  ...  

(J(iH+iK  .  Na)'+|Al)Si% 
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induced  me  to  propose  a  new  name,  Aglaite  (Engineering  and 
Mining  Journal,  April  7,  1877),  but  I  have  since  inclined  to 
the  belief  that  the  material  is  the  same  as  that  first  studied  by 
Shepard  and  Burton.  It  is  therefore  now  presented  as  an 
independent  species,  under  the  original  name,  cymatolite,  but 
it  seems  worth  while  to  retain  the  name  aglaite  for  application 
to  the  peculiarly  brilliant  and  micaceous  variety  found  at 
Groshen.  In  the  coming  volume  of  the  Annals  of  the  New 
York  Academy  of  Sciences,  I  shall  give  a  full  discussion  of 
the  composition  of  this  mineral,  and  of  its  interesting  associa- 
tion with  spodumene,  killinite,  oerstedite,  autunite,  etc. 


Art.  LL — The  relations  of  the  Volumes  of  Solutions  of  Hydrated 
Salts  to  their  Water  of  Composition  ;  by  Richmond  J.  SouTH- 

WORTH,  M.D. 

The  object  of  the  experiments,  the  result  of  which  is  stated 
in  the  accompanying  table,  was  to  test  this 

Theorem :  If  a  hydrated  salt  he  dissolved  in  a  given  volume  of 
water ^  the  volume  of  the  solution  will  exceed  the  original  volume  of 
the  water  by  a  bulk  equal  to  the  bulk  of  saline  water  contained  in 
the  salt  dissolved. 

The  expression  saline  water  is  used  here  to  signify  all  the 
molecules  of  water  contained  in  the  salts,  whether  they  exist  in 
combination  as  bases,  or  as  water  of  crystallization.  First,  the 
weight  in  grams  of  the  salt  used  that  contained  one  cubic  cen- 
timeter of  water  in  its  composition  was  determined  by  dividing 
the  atomic  weight  of  the  salt  by  the  atomic  weight  of  its  saline 
water,  both  weights  being  expressed  in  grams,  the  quotient 
gave  the  weight,  having  one  cuoic  centimeter  of  saline  water. 
As  an  example :  Ferrous  sulphate  (FeS04,  7H2O)  has  an  atomic 
weight  of  278.  Its  7  molecules  of  saline  water  have  an  atomic 
weight  of  126.  \ii  grams=2'206  the  weight  of  this  salt  hav- 
ing one  cubic  centimeter  of  water  in  its  composition. 

Second:  The  quantity  of  salt  determined  by  this  method  to 
contain  one  cubic  centimeter  of  saline  water  was  weighed  to 
the  nearest  centigram,  and  then  dissolved  in  90  cc.  of  water  in 
a  graduated  tube  of  100  cc.  capacity  divided  in  one-half  cubic 
centimeters.  For  instance,  2*20  grams  of  FeSO,,  7H3O,  were 
dissolved  in  90  cc.  of  water  at  the  temperature  of  15*5°  Centi- 
grade when  the  volume  of  the  solution  equalled  91  cc  :  2*20 
grams  more  of  the  salt  were  added  to  this  solution,  and  the  vol- 
ume rose  to  92  cc  This  process  was  continued  till  22*06 
grams  of  the  salt,  containing  10  cc  H^O,  were  dissolved  in 
90  cc  of  water,  when  the  volume  of  the  solution  reached  100 
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O.C.  In  each  of  the  steps,  and  in  the  final  result,  this  experi- 
ment agreed  with  the  theorem.  This  method  was  parsaed 
where  the  first  experiment  with  a  salt  showed  a  close  agree* 
ment  with  the  theorem.  In  those  cases  where  there  was  a  dis- 
agreement between  the  calculated  volume  and  the  observed 
volume  of  the  solution,  the  weight  of  salt  required  to  raise  the 
volume  of  the  solution  one  cubic  centimeter  was  determined  bj 
direct  experiment  For  instance,  barium  chloride,  with  the 
formula  (BaCl,.2H[,0)  by  calculation  contained  one  cubic  cen- 
timeter of  HjO  in  6*777  grams,  but  the  quantity  required  to 
raise  the  volume  of  the  solution  one  cubic  centimeter  was  3*89 
grams.  If  the  specimen  of  barium  chloride  used  contained 
4H,0,  the  experiment  would  give  a  result  agreeing  with  the 
terms  of  the  theorem. 

Salt  uied.  By  oalcnktioiL     Bj  ezperiment 

Na,CO,.10H,O  1-688  1-69 

Na,SO,.10HO  1-788  1-63 

Na,SO  .H,S0,.3H,0  4083  3-26 

Na,O2BO,.10HO  2122  212 

NaJIPO^.  12H,0  1-591  1-69 

BaCl,.2H0  6-777  3-89 

SrCl,.6H^  2-468  2*47 

MgS0,.7H,0  1-964  1-95 

ZnS0,.7H,0  2-277  2  28 

NiS0^.7H,0  2-228  223 

FeSO..  711,0  2-206  2-2 


CuS0..5H.O  2-771  2-77 

2-058  2-06 

2-196  2-2 


Al(S6.),.18HO 
A1K(S0.),.12H,0 


AlNH,(^6j,.12H,0  2-099  2-1 

CrK(SO  J,.  1-211,0  2-31  231 

The  first  column  of  the  table  gives  the  formulae  of  the  salts 
according  to  the  last  American  edition  of  Fownes*s  Chemistry. 
The  second  column  gives  the  weight  in  grams  that  contains 
one  cubic  centimeter  of  saline  water,  according  to  the  formula. 
The  third  column  gives  the  weight  in  grams  found  by  experi- 
ment to  increase  the  volume  of  the  solution  one  cubic  centime- 
ter. An  examination  of  the  table  will  show  a  close  agreement 
between  the  results  of  calculation  and  experimentation,  with 
the  exception  of  barium  chloride,  which  has  been  referred  to, 
and  the  acid  sodium  sulphate.  The  disagreement  between  the 
calculation  and  observation  in  this  instance  may  possibly  be 
explained  by  the  salt  decomposing  in  the  act  of  dissolving, 
separatinjr  into  sodium  sulphate,  which  is  dissolved,  and  hydro- 
gen sulphate  which  unites  with  the  water.  This  would  agree 
with  the  strong  acid  reaction  of  the  solution. 
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So  far  as  the  salts  used  in  these  experiments  are  concerned, 
the  theorem  stands  the  test  of  experiment,  and  is  demonstrated 
to  be  true.  In  explanation  of  the  changes  that  occur  when  a 
hydrated  salt  is  dissolved  in  pure  water,  it  may  be  assumed 
that  the  salt  is  decomposed,  separating  into  an  anhydrous  por- 
tion and  saline  water,  the  former  going  into  solution  and  the 
latter  uniting  with  the  solvent  water,  increasing  its  volume. 

Yonkera,  N.  Y.,  Jan.  Slat,  1879. 


Art.  LIL — Analysis  of  tke  Telrahedrite  from  HuaUanca,  Pet-u; 
by  W.  J.  CoMSTOCK.  Contributions  from  the  Laboratory  of 
the  Sheffield  Scientific  School,  No.  LV. 

In  this  Journal  for  April,  1878,  there  is  given  a  short  extract 
from  an  article  in  the  London  Mining  Journal  by  Mr.  Henry 
Sewell,  F.RG.S.,  describing  the  mineral  caves  of  Huallanca, 
Peru.  Mr.  Sewell  states  that  these  silver-producing  caves  are 
situated  upon  the  eastern  flank  of  the  Peruvian  Andes  at  an 
altitude  oi  14,700  feet  above  the  sea,  and  4000  feet  above  the 
town  of  Huallanca.  The  mass  of  the  argentiferous  ores  consists 
of  the  mineral  tetrahedrite;  these  ores  contain  about  800  ounces 
of  silver  to  the  ton.  The  mineral  is  in  part  obtained  from  huge 
cavities,  some  of  them  twenty-five  or  thirty  feet  long,  and  as 
much  deep.  Mr.  Sewell  describes  the  crystals  as  occurring  in 
such  abundance  on  the  walls  of  these  caves,  that  "  millions"  of 
them  are  destroyed  by  the  picks  of  the  miners. 

Some  specimens  from  tnis  locality  were  presented  to  the 
Yale  College  Museum  by  Mr.  Sewell ;  the  crystals  are  large  and 
brilliant  and  in  one  case  have  a  length  of  about  two  inches. 
They  have  the  usual  characteristic  tetrahedral  form.  I  have 
analyzed  a  portion  of  one  of  the  crystals,  and  have  obtained 
the  following  results:  Specific  gravity  =4*7. 


I. 

II. 

Mean. 

s 

26  69 

26-70 

26-74 

Sb 

9-08 

9-04 

9-06 

As 

13-35 

13-62 

13-49 

Ag 

3-95 

3-77 

3-86 

Cu 

39-01 

39-16 

39-09 

Fe 

6-46 

•  •  —  • 

6-46 

Zn 

214 

2-14 

99-68  99-84 

I  give  below  the  amount  of  sulphur  required  to  combine  with 
each  of  the  metals  and  also  the  atomic  ratio. 
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Sulphur  calculation 

Sb 

3-66 

As 

8-57 

Ag 

•57 

Cu 

9-87 

Fe 

3-12 

Zn 

1-06 

Atomic  ratio. 
S  -8456     -8356 

Sb  -0743  .        „g 

As  -1785  ^  ^^^^ 


V 

Ag,        -0179 


Cu,  -3083  I    .   ^ 

Fe  -0976  f  *^®^ 

Zn  -0330 
26-75 

From  the  above  is  obtained  the  ratio 

•2528  R,S3  +  ^9134  RS,     or    R^S.  +  S-G  RS. 

The  method  employed  in  the  analyses  was  that  of  BL  Rose, 
except  in  the  determination  of  the  arsenic.  On  account  of  the 
difficulty  in  weighing  magnesium  ammonium  arscniate,  after 
separating  by  means  of  magnesia  mixture  and  alcohol  the  pre- 
cipitate was  dissolved  in  dilute  hydrochloric  acid,  reduced  by 
sulphurous  acid,  the  excess  of  the  latter  was  evaporated  off, 
and  the  arsenic  precipitated  and  weighed  as  sulphide.  A  slight 
amount  of  free  sulphur  was  dissolved  out  by  carbon-disulphide. 


SCIENTIFIC    INTELLIGENCE. 

I.  Chemistry  and  Physics. 

1.  On  the  Determination  of  Fusing  Points, — Commonly  fusing 
points  are  determined  by  placing  a  fragment  of  the  substance  in 
a  thin  glass  tube  attached  to  the  ^ulb  of  the  thermometer,  and 
then  placing  both  in  water  gradually  heated  until  the  substance 
melts,  the  temperature  being  then  noted.  Terrefl  proposes  to 
modify  this  method  by  melting  the  substance  separately  and  then 
by  means  of  a  glass  rod  a  single  drop  is  deposited  on  the  ther- 
mometer bulb,  which  is  then  placed  above  a  gas  flame  at  such  % 
distance  that  the  heating  is  very  slow.  The  temperature  is  read 
at  the  instant  the  substance  melts,  and  the  whole  is  allowed  to 
cool  and  the  solidifying  point  noted;  this  operation  being  re- 
peated several  times.  In  this  method  the  phenomena  of  surfusion 
disappear,  the  fusing  and  solidifying  points  coinciding  sensibly. 
For  fusing  points  above  100°  the  thermometer  should  have  a 
larger  bulb,  so  that  it  changes  temperature  slowly. — BidL  Sac 
Ch,,  II,  xxxi,  155,  Feb.  1879.  o.  F.  a 

2.  On  Chromium,  Manganese,  Iron,  Nickel  and  Cobalt  Amal- 
gams,— MoissAX  has  shown  that  when  a  concentrated  solution  of 
chromous  chloride  in  water  is  agitated  with  a  pasty  sodium  amal- 
gam there  is  produced  a  chromium  amalgam.  After  removal  of 
the  excess  of  sodium  by  boiling  in  water  for  an  hour,  the  amal- 
gam is  obtained  as  a  liquid,  less  fluid  than  mercury,  covering  it- 
self on  standing  in  the  air  with  a  black  layer  of  oxide,  decompoe- 
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ing  slowly  in  dry  air,  more  rapidly  in  presence  of  water.  Heated 
to  above  the  boiling  point  of  mercury  m  a  current  of  hydrogen,  it 
leaves  a  residue  of  metallic  chromium,  as  a  black  amorphous  mass, 
which  heated  on  platinum  foil  becomes  incandescent  and  leaves  a 
residue  of  green  chromic  oxide.  The  chromium  made  by  this  pro- 
cess is  not  acted  on  by  boiling  concentrated  sulphuric  acid,  but 
dissolves  in  dilute  sulphuric  acid  and  in  strong  nitnc  containing 
nitrous  acid.  Hydrochloric  acid  when  hot  attacks  it  slowly,  evolv- 
ing hydrogen.  The  amalgams  of  manganese,  of  cobalt,  and  of 
nickel  which  were  obtained  in  this  way  have  a  pasty  consistence 
and  contain  more  of  the  metal  than  the  chromium  amalgam.  Man- 
ganese amalgam  was  also  obtained  by  electrolysis  by  decomposing 
a  solution  of  manganous  chloride,  using  a  negative  electrode  of 
mercury.  When  distilled  at  440°  pulverulent  manganese  was  ob- 
tained, which  became  incandescent  when  treated  with  a  few  drops 
of  fuming  nitric  acid,  and  which  decomposed  water  slowly  at  or- 
dinary temperatures,  rapidly  at  100°.  Since  the  production  of 
this  amalgam  polarizes  the  electrodes,  it  is  probable  that  the  rich- 
ness of  the  amalgam  is  definite  for  a  given  battery. — Btdl.  Soc, 
Ch,^  II,  xxxi,  149.  G.  F.  B. 

8.  On  Chromates  and  Dichromates. — Sghulbbnd  at  Kolbe's 
suggestion,  has  examined  the  conditions  under  which  dichromates 
of  the  metals  are  formed.  He  examined  the  salts  formed  with 
barium,  lead,  mercury,  silver,  thallium  and  lithium,  usin^  precipi- 
tation for  their  preparation  in  all  but  the  latter  case.  With  bari- 
um, lead,  and  mercury,  only  the  normal  chromate  R'^CrO^,  could 
be  obtained,  either  by  precipitating  with  potassium  dichromate  or 
by  evaporating  with  excess  of  chromic  acid.  With  silver,  thal- 
lium and  lithium  on  the  other  hand,  dichromates  were  readily 
obtained.  Silver  nitrate  is  precipitated  by  potassium  dichromate, 
yielding  a  dark  red  crystalline  powder  of  silver  dichromate, 
Ag  Cr,0^.  Thallous  carbonate  gives  thallous  chromate  when  pre- 
cipitated by  potassium  chromate  and  thallous  dichromate  when 
thrown  down  by  the  dichromate  in  acid  solutions.  The  chromate 
and  dichromate  of  lithium  are  well  crystallized  salts,  the  former 
having  a  pure  yellow,  the  latter  a  dark  orange,  almost  black  color. 
Elach  has  two  molecules  of  crystal  water,  both  are  deliquescent, 
and  lose  their  crystal  water  at  130°. — J,  pr.  Ch.,  H,  xix,  36,  Jan. 
1879.  G.  F.  R 

4.  On  the  Purification  of  Mercury. — BbIJul  has  proposed  to 
use  chromic  acid  for  the  purpose  of  purifying  mercury,  and  has 
freed  twenty-five  kilograms  of  mercury  from  Wood's  fusible  metal 
with  which  it  was  contaminated,  in  two  hours  by  its  means.  Five 
grams  of  potassium  dichromate  are  dissolved  in  a  liter  of  water,  a 
few  cubic  centimeters  of  sulphuric  acid  are  added,  and  the  mercury 
is  shaken  with  its  own  volume  of  the  solution.  The  metal  divides 
into  small  globules,  a  little  red  chromate  being  formed.  The  agi- 
tation is  continued  until  this  red  powder  has  disappeared  and  the 
solution  has  become  green.  By  a  strong  current  of  water,  a  gray 
powder  of  metallic  oxides  is  washed  away,  and  the  process  is  re- 
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peated  if  necessary.  The  accnmalated  mercury  of  five  years  of 
the  author's  laboratory,  some  of  which  had  been  used  to  amalgs- 
mate  zincs  and  was  semi-solid,  was  completely  purified  in  an  aTO^ 
noon  in  this  way.  The  loss  is  small,  two  kilograms  of  mercury, 
after  three  treatments  with  100  c.c  of  the  acid  solution,  washing, 
heating  to  150°  and  weighing,  lost  only  10  grams. — Ber.  JBeii 
Chem.  Ge8.j  xii,  204,  Feb.  1879.  G.  p.  r 

6.  On  Eikoaylene^  a  hydrocarbon  from  the  Paraffin  of  Brown 
coal, — LiPPMANN  and  Hawuczek  have  examined  the  chlor-derivs' 
tives  of  paraffin  from  various  sources,  in  order  to  determine  the 
molecular  weight  of  these  bodies.  In  the  first  place,  the  paraffin 
of  commerce  was  found  uniformly  to  contain  oxygen,  from  which 
it  must  be  freed  by  repeated  treatment  with  sodium  in  a  sealed 
tube  heated  to  250^  Thus  purified  the  brown-coal  paraffin  had, 
after  recrystallization  from  alcohol,  a  melting  point  of  37°  C.  To 
produce  the  chloride  it  was  at  first  treated  with  twice  its  wdght 
of  phosphoric  chloride  diluted  with  carbon  tetrachloride,  and 
heated  in  a  sealed  tube  to  215°.  But  subsequently  it  was  melted 
in  a  balloon  at  170°,  and  the  phosphoric  chloride  added  as  required 
through  a  wide  tube,  in  the  necessary  quantity.  The  residue  of 
the  operation  was  liquid.  After  washing  with  water,  it  was  sepsr 
rated  from  the  unacted-on  paraffin  by  cooling  to  — 15*  C.  and 
fractionated  in  vacuo.  An  oily  liquid  was  obtained  in  this  way 
which  boiled  at  225°  to  230°  and  afforded  on  analysis  the  formula 
C^H„C1,  having  evidently  been  produced  from  the  body  C^H^CL 
by  loss  of  HCl.  Distillation  at  the  ordinary  pressure  decompo^eo 
it  further,  C,,H„C1=CJI,,+HC1.  The  hydrocarbon  thus  ob- 
tained boiled  at  314° — 316°,  and  the  authors  propose  for  it  the 
name  eikosylene.  Its  specific  eravity  is  0'8181,  but  its  vapor  den- 
sity could  not  be  determined,  since  it  totally  decomposed  at  440°. 
It  acts  like  an  define,  combining  actively  with  halogens,  forming 
a  chloride  C,„H,^C1,  and  a  corresponding  bromide.  It  belongs  to 
the  acetylene  series,  being  homologous  with  cetylene  C,,U^  its 
highest  member.  The  evidence  that  the  hydrocarbon  C^H^^ 
mixed  perhaps  with  others  of  higher  boiling  point,  constitutes  the 
paraffin  of  brown  coal,  seems  well  established. — Her,  BerL  Chem, 
Oes.,  xii,  69,  Jan.  1879.  o.  f.  a 

6.  On  the  Transformation  of  IStarch  into  Dextrose  in  the  Cold, 
— It  is  known  that  starch  is  slowly  transformed  into  dextrose  when 
boiled  for  a  long  time  with  water.  Kiban  has  made  some  ob8e^ 
vations  which  seem  to  show  that  the  same  result  may  take  place 
in  the  cold,  though  much  more  gradually.  A  solution  made  by 
boiling  one  part  of  finely  divided  starch  in  100  of  water  saturated 
with  salt,  and  filtering,  is  imputrescible  and  may  be  preserved  for 
a  long  time.  After  a  year  the  author's  solution  appeared  less  sen- 
sitive to  iodine,  and  afler  three  or  four  years,  it  was  not  colored 
by  this  reagent.  It  was  neutral,  limpid,  contained  no  trace  of  any 
organized  terment,  reduced  energetically  the  copper  test  and  was 
browned  by  alkalies.  Determined  by  the  copper  test,  every  100 
cc.  contained  O'l  1 1  gram  dextrose ;  but  using  ferricyanide  of  pota»- 
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giom  which  is  not  affected  by  dextrin,  lOOcc  contained  0*102  gram. 
Hence  a  mixture  of  nine-tenths  dextrose  and  one-tenth  dextrin  was 
formed  from  the  starch.  The  solution,  in  a  tnbe  200  mnL  long  ro- 
tated to  the  right ;  a]>=-i-o-15°.  The  author  calls  attention  to  the 
importance  of  this  transformation  of  starch  in  the  cold,  without  a 
ferment,  in  the  physiology  of  vegetable  growth. — Btdl,  8oc.  CA., 
n,  zxxi,  10,  Jan.  1870.  G.  f.  b. 

7.  On  the  Structure-formulas  of  Aromatic*  Compounds. — ^The 
present  method  of  representing  aromatic  isomers  is  either  graphic, 
Dy  the  use  of  the  letters  />,  m,  or  o,  standing  for  para,  meta  or 
ortho,  or  by  using  figures  to  represent  the  positions  Thus  the 
structure  of  the  compound  C,H,ClBrI  may  be  represented  by 

ci 

^^ 
\/ 

I 

or  by  C.HjCiBrL  Wroblbvskt  proposes  a  simpler  mode  of  ex- 
pressing the  position  of  the  replacing  atoms,  writing  the  formula 
differently  according  as  the  two  replacing  atoms  are  symmetrically 
or  unsymmetrically  arranged  or  occupy  neighboring  positions. 
Thus,  for  example,  the  chlorine  derivatives  of  benzene  may  be  writ- 
ten in  this  way  so  as  to  express  all  the  facts  in  a  much  less  space : 

EmpiricaL  SjmmetricaL  UnsTmmetricaL        Keighboring. 

C.H  ni  C.H,CIHC1  C.H.CIHCI         C.H.CLH 

C.H.CL         C.HCIHCIHCI        C.H.CIHCL        C.H,C1H 
C,H,C1,         C,HC1,HC1,  CjaClHCl,         C.HCl.H 

So  if  the  positions  1 ,  2,  3,  4  in  the  benzene  ring  be  filled  by  chlo- 
rine, bromine,  iodine  and  hydrogen,  the  formulas  will  be 
Cja^ClBrHI,  C,H,BrClHI,  C.HjClHBr,  C.H.BrlHCl,  C,H,ClBrIH, 
C^H,BrClIH,  etc.  In  the  first  of  these  formulas  the  CI  is  symmet- 
rical with  the  I,  is  in  the  neighboring  position  with  the  Br,  while 
the  Br  and  I  are  unsymmetrically  situated.  So  the  naphthalene 
derivative  which  has  I  in  the  position  4  and  CI  in  6,  may  be  writ- 
ten C,HC1H,(CJH.)  or  C,H,C1H(C,H,I).— ^cr.  Berl.  Chem.  Oes., 
xii,  161,  Feb.,  1879.  g.  f.  b. 

8.  On  the  Phthalein  of  Orthocresol, — Fraude  has  extended  the 
production  of  Baeyer's  phthaleins  by  producing  the  phthalein  of 

f  CO-.. C.H.  j  25 
orthocresol  C,H^  <  |  qu*.     For  this  purpose  two  parts 

eresol,  three  of  phthalic  oxide  and  two  parts  of  stannic  chloride 
were  heated  together  to  120°  for  8  to  10  hours.  The  cresol  un- 
acted on  was  removed  by  a  current  of  superheated  steam,  the 
mass  was  dissolved  in  solution  of  soda,  and  precipitated  by  hydro- 
chloric acid,  this  process  being  repeated  once  or  twice.  Solution 
in  alcohol,  decolorization  with  bone  black,  and  dilution  with 
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water,  gave  the  phthalein  in  flesh-red  cmsts.  The  diacetyl,  diben- 
zoyl,  dinitro,  and  dibrom  derivatives  are  described,  as  also  moDo- 
orthobromcresol-phthalein  and  its  bariam  compound.  By  heating 
cresol  and  phthalic  oxide  with  sulphuric  acid,  methyloxyanthra- 
quinone  is  produced;  and  this  heated  to  200^0.  with  excess  of 
potash  yields  methylalizarin.  The  phthalins,  phthalidins  and 
phthalideins  corresponding  to  the  phthaleins  of  orthocresol  are 
described  in  the  same  memoir. — Ber.  BerL  Chem.  Oee.^  xii,  237, 
Feb.  1879.  G.  p.  a 

9.  Baryta  and  Strontia. — ^The  fact  that  the  compounds  of 
baryta  and  strontia  occur  in  nature  in  very  different  associations  has 
long  been  recognized  by  mineralogists,  and  in  the  December  No.  of 
the  Ann.  de  Chim.  et  de  Phys.,  M.  Dieulafait  has  published  an  in- 
teresting paper  which  offers  a  plausible  explanation  of  this  differ 
ence  of  occurrence.  In  the  flrst  place  the  author  established  the  fact 
that  both  baryta  and  strontia  are  present  in  sensible  quanUties 
in  the  feldspars  and  micas  of  the  older  crystalline  rocks.  He  exam- 
ined feldspars  from  fifty-four  different  localities,  and  also  micas 
in  numerous  associations,  besides  eighty  specimens  of  granites  in 
mass,  sixty  of  gneiss  and  many  of  syenite,  and  in  all  of  these  he  dis- 
covered not  only  lime  but  also  strontia  and  baryta.  From  various 
circumstances,  but  especially  from  the  association  of  barite  with 
metallic  sulphides  in  mineral  veins  it  is  inferred  that  the  alkaUne 
earths  are  dissolved  from  the  rocks  as  sulphides, 'and  the  author 
promises  us  in  a  future  paper  a  discussion  of  the  nature  of  the 
sulphuretted  solvent.  It  is  next  argued,  from  the  known  reaction 
of  the  carbonic  dioxide  and  oxygen  of  the  atmosphere  on  a  solu- 
tion of  strontic  and  baric  sulphides,  that  such  a  solution  while 
flowing  off  in  contact  with  the  air  would  deposit,  in  the  first 
place,  the  carbonates  of  these  bases  nearest  to  the  source,  and,  sub- 
sequently at  a  greater  distance  the  sulphates,  thus  determining  a 
separation  between  the  two  groups  of  minerals.  Again  the  sul- 
phate of  strontia,  being  more  soluble  than  the  sulphate  of  baryta— 
and,  according  to  the  author,  existing  relatively  in  much  larger 
quantities  in  the  crystalline  rocks — would  be  to  a  much  greater 
extent  washed  down  by  the  ruiniing  streams ;  collecting  m  salt 
basins,  and  in  the  layers  of  gypsum,  which  are  deposited  in  these 
basins ;  while  on  the  other  hand  the  more  insoluble  sulphate  of 
baryta  would  be  left  behind.  Lastly  the  strontium  reduced  from 
the  condition  of  sulphate  to  sulphide  by  the  organic  matter  in  the 
gypsum  beds — and  thus  becoming  very  soluble — again  undergoes 
the  same  reactions  in  contact  with  the  air  to  which  we  have  just 
referred,  giving  rise  first  to  an  insoluble  carbonate  and  a  solution 
of  a  polysulphide  and  then  to  a  sulphate  and  free  sulphur.  Thus 
are  explained  the  facts  that  celestine  is  found  almost  always  in  beds 
of  gypsum  and  associated  with  crystals  of  sulphur.  It  is  argued  in 
conclusion  that  if  the  circumstances  of  the  occurrence  of  celestine 
and  barite  at  the  present  day  differ  so  widely  that  this  arises  solely 
from  the  fact  that  the  strontium  compounds  found  in  salt-beds  are 
in  the  second  stage  of  their  development,  while  the  corresponding 
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compounds  of  baryta  left  in  the  veins  of  crystalline  rocks  are  in 
the  first  stage ;  and  that  in  spite  of  all  present  differences  of  occur- 
rence and  association,  the  baryta  and  strontia  minerals  may  be 
traced  to  the  same  origin  in  the  old  crystalline  rocks  of  the  earth's 
crust.  J.  p.  c. 

11.  The  iUuminrrtion  of  gases  by  Electric  discharges,— Profes- 
sor EL  Wiedemann  continues  his  work  upon  the  nature  of  spectra, 
and  shows  that  a  gas  having  a  temperature  far  below  100°  C.  can 
be  illumiuaied  by  electrical  discharges.  By  means  of  a  small 
calorimeter,  in  connection  with  a  peculiarly  arranged  exhaustion 
tube,  Professor  Wiedemann  was  enabled  to  arnve  at  the  amount 
of  heat  communicated  to  the  gas  under  examination  at  different 
pressures.  The  temperature  of  the  gas  in  the  beginning  was  in 
the  neighborhood  of  20°  C.  and  reached  a  maximum  of  from  80°- 
90°  by  means  of  the  discharges  from  a  Ruhmkorf  coil,  even  at 
this  temperature  the  gas  was  brilliantly  illuminated ;  and  the 
temperatures  of  62°-70°  was  not  found  to  be  the  lowest  at  which 
the  gas  was  illuminated. 

The  illumination  of  the  gas  at  such  low  temperatures  is  produced, 
Professor  Wiedemann  thinks,  by  an  exaltation  of  the  living  force  of 
the  oscillatory  movements  of  the  ether  envelopes.  The  electrical 
discharge  calls  forth  this  action  independently  of  the  increase  of 
molecular  movement  which  results  from  the  increase  of  tempera- 
ture.— Annalen  der  Physik  U7id  Chemie^  No.  2, 1879,  p.  298.   j.  t. 

12.-4  new  current  mterrupter. — Dr.  F.  Niemollbb  describes  an 
extremely  simple  and  efficacious  form  of  interrupter.  To  the  mid- 
dle of  a  wire  stretched  horizontally  is  attached  a  platinum  point 
which  touches  the  surface  of  mercury  in  a  little  containing  vessel. 
The  current  is  led  over  this  wire,  and  a  magnet  over  the  half  of 
the  wire  through  which  the  current  is  conducted  serves  to  main- 
tain the  vibrations  of  the  wire.  The  number  of  vibrations  can  be 
readily  modified  by  changing  the  length  of  the  wire,  and  as  high 
a  number  as  1000  breaks  in  a  second  can  be  obtained.  By  pass- 
ing an  intermittent  current  over  the  wire  it  can  be  set  in  vibration 
without  the  intervention  of  mechanical  means.  This  happens 
when  the  fundamental  note  of  the  string  is  in  unison  with  the 
pitch  of  the  interrupter. — Afuialen  der  Physik  und  Chemie,  So.  2, 
1879,  p.  302.  J.  T. 

13.  The  dimensiofis  of  Molecules, — R.  Ruhlmann,  by  means  of 
the  formula 

\/2    ^P" 

in  which  A  represents  the  mean  path  of  the  molecules,  6  the  mean 
distance  between  the  molecules  and  p  the  radius  of  their  sphere  of 
action,  calculates  the  sum  of  the  molecular  sections.  Since 
N<y*=l,  if  N  represents  the  number  of  molecules  in  the  unit  of 
volume,  we  have 

NpV  _  __1 

4       ■"    4^/1 

Am.  Joob.  Sol— Thibd  Sbriss,  Vol.  XVII,  No.  101.— Mat,  1879. 
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According  to  Avogadro's  law  equal  volumes  of  different  gase^ 
under  the  same  pressure  and  temperature  contain  the  same  num- 
ber of  molecules,  the  ratio  of  the  sum  of  the  sections  is  the  ratio  of 
the  section  of  the  molecules  themselves.  Bearing  this  in  mind,  one 
is  justiiicd,  since  the  mean  accuracy  of  the  numbers  found  can  be 
depended  upon  within  eight  per  cent,  in  regarding,  in  the  follow- 
ing tables,  the  numbers  found  for  the  two-atom  molecules,  with 
the  exception  of  chlorine,  hydrogen  and  hydrochlorine,  as  equal 
among  themselves,  and  the  section  of  the  hydrogc^n  molecules  as 
one-half  and  that  of  chlorine  as  twice  as  great.  The  three-atom 
molecules  of  CO,,  of  N,0,  of  H,0  and  of  H,S  have  the  same 
molecular  sections  and  stand  in  relation  to  the  large  number  of 
two-atom  gases  as  3  :  2  or  as  the  number  of  atoms.  To  this  law 
SO,  is  an  exception,  since  its  molecular  section  is  the  same  as  that 
of  chlorine.  H,N  and  IICl  take  a  decided  position.  Possibly 
CH^  can  be  included  with  them,  since  the  mean  of  these  three 
numbers  is  related  to  the  molecular  section  of  the  two-atom 
molecule  nearly  as  4 : 3.  One  is  also  tempted  to  regard  the  molec- 
ular sections  of  C,H^,  of  80„  of  chlorine,  and  CH,C1  as  equal  and 
as  double  that  of  the  two-atom  molecule. 

The  following  table  includes  the  sum  of  the  molecular  sections 
of  each  gas  in  a  cubic  centimeter,  expressed  in  square  centimeters. 
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Three-atom  -< 


NO 
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Professor  Rtlhlmann  also  gives  the  following  values  of  p. 

For  nitrogen  molecule  =z  34 '10"®  cm. 

For  carbonic  dioxide  molecule  =:  16*10*®  cm. 
For  hydrogen  molecule  z=  4riO~*  cm. 

At  0°  and  760  mm.  pressure  a  cubic  centimeter  holds  nearly 
100  trillions  of  gas  molecules.  Under  these  conditions  the  mole- 
cules themselves  fill  nearly  the  three-thousandth  part  of  the  space 
occupied  by  the  gas.  Tho  absolute  weight  of  a  hydrogen  mole- 
cule is  represented  by  15*10**3^  j^i^d  xhQ  specific  weight  as  360.— 
Beibldtter  Anffole?*  der  Physik  und  Chemie,  1879,  No.  2,  p.  57. 

J.  T. 
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14.  American  Chemical  Journal;  edited,  with  the  aid  of  Chem- 
istB  at  home  and  abroad,  by  Ira  Rbmsen,  Professor  of  Chemistry 
in  the  Johns  Hopkins  University.  Vol.  i,  No.  1,  76  pp.  8vo. 
Baltimore,  April,  1879. — The  establishment  of  this  American 
Chemical  Journal  is  an  event  of  great  importance  to  the  science 
of  the  country.  The  Journal  could  not  be  in  better  hands ; 
for  the  editor,  Professor  Remsen,  is  both  a  man  of  thorough 
learning  in  his  department,  and  an  able  and  hard-working  investi- 
gator. The  number  just  issued  compares  well  in  its  memoirs  with 
the  best  of  other  lands.  The  subjects  of  some  of  these  are :  the 
Complex  inorganic  acids,  by  Wolcott  Gibbs;  Nitrogen  iodide,  by 
J.  W.  Mallet ;  on  Lockyer's  hypothesis  that  the  so-called  Elements 
are  compound  bodies,  by  C.  S.  Hastings;  a  New  Volumetric 
method  of  determining  Fluorine,  by  S.  L.  renfield  ;  on  the  Oxida- 
tion of  substitution-products  of  aromatic  Hydrocarbons,  by  Ira 
Remsen  and  M.  W.  lies.  The  Journal  is  to  be  issued  every  other 
month ;  the  subscription  price  is  three  dollars  a  year. 

11.  Geology  and  Natural  History. 

1 .  Fossil  Forests  of  the  Volcanic  Tertiary  FoTmations  of  the 
Yellowstone  National  Park;  by  W.  H.  Holmes.     (Bull.  U.  S. 

Geol.  and  Geogr.  Survey,  Vol.  v.  No.  1.) — The  volcanic  Tertiary 
deposits  (tufas,  etc.)  of  the  Yellowstone  region  have  a  thickness  of 
more  than  6,000  feet.  They  contain  silicified  trunks  of  trees  in 
many  places.  Mr.  Holmes  describes  particularly  a  section  on  the 
north  face  of  Amethyst  Mountain,  in  which  upnght  trunks  occur 
at  many  levels,  along  with  others  prostrate,  from  near  the  foot 
to  the  highest  stratum.  On  the  steeper  part  "  rows  of  upright 
trunks  stand  out  like  the  columns  of  a  ruined  temple,"  and  on  the 
slopes  lower  down,  the  petrified  trunks  fairly  cover  the  surface. 
Some  of  the  prostrate  trunks  are  fifty  to  sixty  feet  long  and  many 
are  five  to  six  feet  in  diameter.  The  upright  trunks  are  occasion- 
ally thirty  feet  high ;  and  one  twelve  feet  high  was  ten  in 
diameter,  and  its  bark  was  four  inches  in  thickness.  There  are 
also  leaves  and  stems,  and  Lesquereux  has  identified  among  them 
Aralia  Whitneyi,  Magnolia  lanceolata,  Lanrns  Canariensis^ 
and  new  species  of  Tilia^  Fraxinus.,  Diospyros^  Comus,  Pteris 
and  A  Inns, 

2.  Fruit-bearing  branch  of  Cordaite^  from  Cannelton,  Penn- 
sylvania,— In  the  Proceedings  of  the  American  Philosophical 
Society  for  April,  Professor  Lesquereux  has  described  a  specimen 
of  Cordaites  bearing  fruit,  collected  by  Mr.  I.  F.  Mansfield  at 
Cannelton.  It  is  a  bent  or  pendent  branch  twelve  centimeters 
long  and  nearly  one  and  a  half  broad,  having  the  fruit  arranged 
spirally  in  a  loose  strobile-like  way.  The  winged  nut  or  fruit  is 
oval,  tS  centimeters  long,  2*3  broad,  and  broadly  obtuse  and  entire 
at  top.  It  indicates,  according  to  Mr.  Lesquereux,  that  the  Cor- 
daites are  allied  to  the  Cycads,  or  rather  are  an  antecedent  type 
intermediate  between  Cycads  and  Conifers. 
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3.  AfiThual  Report  of  the  Wisconsin  Geological  Survey^  for  the 
year  1878;  by  T.  C.  Chamberlin,  Chief  Geologist.  52  pp.  8vo. 
MadisoD,  Wis.,  1879. — This  Report  coDtaiDS  observations  on  the 
recent  glacial  drift  of  the  Alps,  and  on  the  bearing  of  the  facts  on 
Wisconsin  surface  geology,  by  Professor  Chamberlin. 

4.  T/ie  Woodland  Caribou  or  Reindeer  (Rangifer  Caribou) 
froin  the  Lcess  of  Iowa, — Dr.  Leidy  announces  the  discovery  by 
Professor  Witter,  in  the  loess  of  Muscatine,  Iowa,  of  fragments  of 
the  upper  and  lower  jaws  and  some  other  bones  of  this  species. 
From  the  same  locality  Professor  Witter  collected  the  shells 
Helix  stricUella,  If,  fttlva^  jH.  pulchella,  H.  lineata.  Pupa  mm- 
corwiiy  P.  Rlandi^  P.  simplex^  Succinea  obliqua^  S.  avara^  Lim- 
nea  pumilisf  and  Helicina  occulta, — Proc  AcacL  Nat.  Set, 
Philad.,  1879,  p.  32. 

5.  Amber  and  Asphaltum  fronh  Vincenttoum^  Ne^c  Jersey, — ^Mr. 
£.  Goldsmith  reports  these  minerals  from  the  Ash  Marl  of  the 
Cretaceous,  a  layer  above  the  Green-sand.  The  mass  of  asphaltum 
weighed  100  pounds.  The  amber  is  stated  to  be  related  to  the 
variety  of  succinite  called  Krantzite  by  C.  Bergemann.  Unlike 
ordinary  amber  its  specific  gravity  is  less  than  1,  and  it  fuses  to 
a  mobile  liquid.  This  amber  is  of  occasional  occurrence  in  the 
New  Jersey  Cretaceous ;  "  sometimes  hundreds  of  tons  may  be 
looked  over  without  finding  a  single  piece ;  and  at  other  times 
enough  has  been  found  to  till  a  barrel  within  a  day.*' — Ibid, 

6.  Guides  for  Science- Teaching.  —This  is  the  title  of  a  few 
primers,  published  by  the  Boston  Natural  History  Society,  and 
meant  to  supplement  and  enforce  lectures  given  by  members 
of  that  Societv  to  Teachers  of  the  Public  Schools  of  Bostou. 
Theso  teachers  are  all  required  to  give  to  their  pupils  a  certain 
number  of  object  lectures.  But  who  shall  teach  the  teachers,  ami 
wherewithal  shall  they  be  taught  ?  Well,  a  few  public-spirited 
ladies  supplied  the  material  means  for  a  free  course  of  instruction 
to  five  or  six  hundred  teachers,  and  two  or  three  individuals  con- 
tributed their  knowledge  and  experience,  and  carried  into  execu- 
tion an  admirable  plan.  The  substance  of  the  lessons  of  this 
course,  given  by  Mr.  Hyatt  and  Professor  Goodale,  is  exhibited 
and  preserved  in  these  primers.  The  plan  was  to  speak  of  noth- 
ing which  was  not  shown,  and  not  only  shown  but  placx^d  in  the 
hands  of  the  auditors.  And  this  not  by  specimens  passed  round, 
and  so  reaching  most  of  the  pupils  after  the  discourse  had  passed 
on  to  something  else;  l)\it  each  hearer  was  supplied  with  a  whole 
suite  of  the  objects  lectured  on,  to  examine  at  the  moment  and  t«» 
take  home  for  further  examination  and  review. 

The  first  lesson,  by  Mr.  Hyatt,  is  About  Pehbl?^,  A  tray  placed 
before  each  pupil  holds  a  small  quantity  of  fresh-broken  rock,  a 
weathered  piece  with  worn  angles,  a  complete  and  rounded  peb- 
ble, a  spoonful  of  gravel  and  another  of  sand.  With  these,  and 
with  reference  to  what  every  oiie  remembers  to  have  seen  on 
shores  and  beaches,  in  quarries  and  stone-yards,  and  along  brooks 
and  roadsides,  the  lesson  proceeds,  and  the  elemental  uicts  are 
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taaght  rather  by  questioDS  asked   and  by  observations  incited 
than  by  didactic  lecturing. 

The  second  primer  contains  the  substance  and  displays  the 
method  of  Professor  Goodale's  course  of  lessons  "  Concernittg  a 
l^hw  Common  Plants.'*'*  For  the  first  lesson,  on  a  seedling,  each 
of  the  five  hundred  auditors,  supposed  normally  to  represent  a 
child-pupil,  had  Viefore  him  a  bean  freshly  soaked,  another  the 
sprouting  of  which  in  germination  had  barely  commenced,  a 
third  with  germination  more  advanced,  a  fourth  which  had  de- 
veloped not  only  a  root  below,  but  the  first  two  leaves  above  the 
cotyledons.  The  discourse  opens  by  the  asking  of  some  simple 
questions,  every  one  of  which  must  be  answered  by  an  examina- 
tion of  these  objects.  The  second  lesson  compares  two  seedlings, 
viz.  the  pea  with  the  bean;  the  third  compares  still  other  and 
difiTerent  seedlings ;  and  by  this  time  the  pupils  have  made  out 
the  leading  facts  and  ideas  of  vegetable  morphology  as  it  were 
for  themselves.  This  knowledge  is  extended  in  a  similar  way,  and 
by  the  comparison  of  various  leafy  shoots,  to  the  consideration 
of  "how  the  parts  of  plants  help  one  another."  Later  these 
parts,  roots,  stems,  and  leaves  are  taken  up  separately;  then  the 
way  in  which  plants  feed  and  grow  is  taught ;  then  wood  is  illus- 
trated by  small  truncheons,  blocks  variously  cut,  and  veneers,  of 
which  each  pupil  has  a  set ;  and  the  structure  and  morphology  of 
the  blossom  is  brought  out  by  similar  methods.  Teachers  so 
taaght  should  be  able  to  give  "  object  lessons "  to  their  young 
pupils  with  some  success.  Those  who  have  not  the  advantage  of 
such  training  should  send  for  these  primers  (costing  ten  and  twenty 
cents  apiece)  study  them  thoroughly,  and  follow  the  directions 
they  give. 

The  third  primer,  about  Commercial  and  other  Sponges,  is  very 
good,  but  difiTerent.  It  begins  aright  with  a  bath  sponge,  and 
some  common  reef-sponges  to  be  had  cheaply  of  the  wholesale 
druggists.  Hut  it  departs  from  the  normal  plan  by  entering  into 
microscopic  details,  illustrated  by  figures,  and  into  an  account  of 
sponge-gathering  by  divers  in  the  Mediterranean  and  the  Gulf  of 
Mexico.  A.  G. 

7.  Function  of  the  Sterile  Filament  of  Pentstemon. — Dr.  Liso 
Erbera,  in  Belgium,  has  been  investigating  two  allied  Mexican 
species,  viz.  Pentsteinon  gentian oides  and  P.  Hartwegi^  with 
their  varieties,  now  common  in  cultivation.  Noting  the  fact 
that  the  sterile  filament,  which  belongs  to  the  upper  side  of  the 
flower,  is  from  near  its  base,  declined  upon  the  lower  side  of  the 
corolla-tube  or  throat,  he  comes  to  the  conclusion  that  its  princi- 
pal function  is  to  obstruct  the  access  of  unwelcome  insects  to  the 
nectar  at  the  base  of  the  flower.  The  size  of  the  corolla  and  dis- 
position of  the  genitalia  is  such  that  only  large  insects,  such  as 
humble  bees,  which  fill  the  whole  cavity,  can  effect  fecundation. 
The  somewhat  smaller  ones,  which  would  rifle  the  flower  of  its 
sweets  without  rendering  any  service,  are  excluded  from  the 
nectar  by  this  bar  across  the  base  of  the  tube.     Professor  Kemer, 
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who  of  late  has  especially  studied  the  arrangements  in  flowers  for 
the  excluHJon  of  unbidden  guests,  as  he  terms  them,  appears  to 
have  anticipated  this  conclusion  in  respect  to  Pentstemon.  While 
making  observations  upon  the  five  forms  of  these  two  species  which 
were  in  cultivation  at  Brussels,  Dr.  Errera  was  surprised  to  find 
that  only  one  of  them  was  freely  visited  by  hymenopterons  insects: 
this  was  a  form  of  P,  Hfirtwegi^  with  mauve-colored  corolla.  The 
others,  though  occasionally  tri€*d,  were,  on  the  whole,  neglected ; 
and  he  found  that  this  remarkable  preference  depended  not  at  all 
upon  the  abundance  or  quality  of  the  nectar,  nor  upon  the  per- 
fume, nor  up«m  the  color  of  the  corolla,  except  by  a  coincidence 
as  to  the  latter ;  but  in  the  fact,  that  in  all  but  the  mauve-colored 
form,  the  curvature  of  the  sterile  filament,  which  obstructed 
further  entrance,  was  so  high  in  the  tube  that  the  tongue  of  these 
insects  could  not  reach  the  nectar  at  the  bottom  of  the  tube.  A 
difference  of  a  millimeter  or  two  in  the  curvature  of  the  sterile 
filament  or  the  length  of  the  tube  below,  determined  whether  or 
not  the  fiowers  should  be  fertilized  in  Belgium. 

Errera's  paper  is  published  in  the  1 7th  volume  of  the  BuUeiin 
de  la  Society  Roy  ale  de  Botanigue  de  Bdgique^  February,  1879, 
is  preceded  by  a  very  detailed  dissertation  on  the  structure  and 
fecundation  of  flowers  in  general,  by  himself  and  M.  Gustave 
Gevaert,  occupying  140  pages,  8vo.  The  motto  of  the  paper  i9 
taken  from  Darwin — "  W  hoever  is  led  to  believe  that  species  are 
mutable,  will  do  good  service  by  conscientiously  expressing  his 
conviction."  The  authors  have  expressed  theirs,  and  the  grounds 
of  it,  with  tijreat  fullness.  a.  g. 

8.  Revue  Mycologique^  is  the  title  of  a  new  periodical,  devoted 
to  the  study  of  Fungi ^  under  the  editorahip  of  M.  Roumegu^reof 
Toulouse,  published  at  that  city  and  at  Paris  (Baillidre);  the  first 
number,  of  44  pages,  Hvo,  issued  in  January  last.  Price  12  francs 
a  vear.  The  leadi ufif  article  is  upon  the  Lichen  question,  in  the 
li<iht  of  tlu»  rocont  i n vest i<xat ions  of  Dr.  Minks,  confirmed  by  I>r. 
^fueller  of  Geneva.  Half  of  this  first  fasciculus  is  devoteil  to 
notices  of  recetit  publications  and  to  mycological  news.  The 
editor  takes  notice  of  Professor  Hitchcock's  recent  proposition  to 
the  microscopists  in  the  convention  at  Indianapolis,  to  adopt  the 
.»  of  a  millimeter  as  the  microinetric  unit,  and  regrets  it,  on 
account  of  the  adoption,  several  years  aero,  in  Europe  (u]Hm  the 
proposition  of  Suringar  of  Leyden)  of  the  -x^j;  of  a  millimeter 
(denoted  by  the  Greek  n)  as  the  micrometric  imit.  a.  g. 

9.  Meehuu'^s^  Natwe  Flowers  and  Ferns  of  the  United  States, 
illustrated  by  chromolithograj>hs  of  Prang  tfe  Co. — The  whole  of 
vol.  ii  issuod  since  our  last  notice,  is  now  before  us.  The  new  vol- 
ume parts  1'^  to  24,  compares  very  favorably  with  the  first.  The 
drawings  arc  better;  the  color-printing  at  least  as  good;  and  the 
excursions  in  the  letter-press  comparatively  seldom  tempt  the  re- 
viewer to  critical  remarks.  Such  plates  as  those  of  Phaseolvt 
diversifolius,  Andromeda  Mariana,  (■tra^tiuin  arvense^  Helian- 
thnt  Mnximhiajta,  and  Echinoca^us  polycephaltts^  even  satisfy  the 
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fastidions.  Perhaps  we  should  have  added  Gaillardia  amblyodon 
to  the  list,  if  we  had  not  placed  by  the  side  of  it  Sprague's  figure 
in  the  Chloris  Bor.-Am.,  which  belongs  to  some  of  this  artist's 
early  work.  We  could  wish  that  Meadow  Beauty  (Rhexia  Vir- 
ginica)  had  a  better  opportunity  to  display  her  charms.  We  learn 
that  the  work  will  be  directly  continued  in  a  second  series,  in 
which  we  hope  that  the  success  of  the  enterprise  will  stimulate 
still  further  improvement  in  the  drawings.  a.  g. 

10.  Observations  on  Several  I'hrrns  of  Saprolefftilece ;  by  Frank 
B.  HiNE,  B.S. — This  is  a  thesis,  submitted  for  the  degree  of 
B.S.,  at  Cornell  University,  and  the  pamphlet  is  an  article  ex- 
tracted from  the  American  Quarterly  Microscopic  Journal,  vol.  i 
It  is  illustrated  by  four  excellent  plates,  drawn  by  the  author 
from  nature.  The  figures  and  the  letter  press  (20  pages)  give  a 
very  favorable  impression  of  the  author's  ability,  judgment,  and 
taste.  The  two  latter  qualities  are  shown  in  his  forbearance  to 
give  new  specific  names  to  forms  of  which  the  sexual  reproduction 
18  not  made  out,  notwithstanding  their  apparent  difference  from 
described  species ;  and  he  refrains  from  proposing  a  new  genus  in 
another  case  upon  a  new  point  of  structure  which  he  observed,  but 
which  may  not  require  or  justify  this  distinction.  An  indisposi- 
tion to  introduce  new  names  which  may  be  needless,  and  therefore 
encumbering,  is  a  hopeful  sign.  a.  g. 

1 1.  -4  Popular  Calif ornict  Flora^  or  Manual  of  Botany  for 
Beginners ;  by  Volney  Rattan,  Teacher  of  Natural  Sciences  in 
the  Girls'  High  School,  San  Francisco.  (S.  Francisco :  Bancroft  & 
Co.  1879). — ^The  schools  of  California  have  long  been  needing  an 
aid  like  this  by  which  they  may  study  the  flowers  which  abound 
around  them,  and  which  in  spring  make  gay  the  whole  face  of  the 
country.  This  book,  of  103  pages,  in  the  fonn  of  "  How  Plants 
Grow,"  is  the  firat  and  a  laudable  attempt  to  supply  a  pressing 
want.  It  is  a  first  part  only,  including  the  Polypetalae  and  Gamo- 
petalsB,  and  a  second  part  will  complete  the  work.  It  is  very  well 
compiled  from  the  Botany  of  California  and  the  Synoptical  Flora 
of  North  America ;  and  it  is  restricted  to  the  plants  of  the  San 
Francisco  region,  extending  north  to  Mendocino  County,  south  to 
Monterey,  and  west  to  the  foot-hills  of  the  Sierra  Nevada.  The 
VmbelliferoB  and  Cotnposltm  are  omitted  because  "  too  difficult  for 
beginners."  In  a  second  edition  these  might  be  added,  and  rend- 
ered about  as  easy  as  the  rest,  with  a  skillml  popular  presentation, 
for  which  we  could  give  the  worthy  author  some  hints.        a.  g. 

12.  Halosph^JBra^  eine  neue  Gattung  grilner  Algen  aus  dem 
Mittelmeer  ;  by  Dr.  Fr.  Schmitz. — The  present  paper,  taken  from 
the  first  volume  of  Mittheil.  aus  der  Zoologischen  Station  at 
Naples,  gives  an  account  of  a  minute  floating  Alga,  which  is 
common  m  the  Bay  of  Naples  from  January  to  April,  and  is  vul- 
garly known  as  "  punti  verdi."  Pelagic  Algae  are  little  known, 
and  the  present  species  oflers  several  points  of  interest.  It  occurs 
in  the  form  of  isolated  spherical  cells  which  float  on  the  open  sea, 
without  any  independent  power  of  locomotion.  The  cell-contents 
divide  into  very  numerous  daughter-cells  which  produce  xoo«^<yc^% 
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by  secondary  division.  The  latter  are  of  an  unnsaal  form,  beiog 
conical,  with  the  two  long  cilia  attached  to  the  base  instead  of 
to  the  apex  of  the  cone.  The  development  of  the  zodspores  i$ 
unknown. 

In  this  connection  wc  may  mention  a  second  paper  by  the  same 
author  on  The  Qreen  AlgoB  of  the  Bay  of  Athens,  He  considers 
the  little  known  Acrocladus  mediterraneue  of  NsBgeli  to  be 
merely  a  peculiar  condition  of  the  commoD  Cladophora  peOueida 
of  Kdtzing,  and  not  the  voung  of  Acetabularia^  as  was  supposed 
by  Zanardmi.  He  describes  two  new  species  of  JSiphonocladits,  a 
genus  midway  between  Valonia  and  (JUidophora^  resembling  the 
latter  in  ramification  but  differing  from  it  in  the  transverse  cell- 
walls  not  being  complete,  but  only  partial  as  in  V^Uonia.  At  the 
end  of  the  paper  are  some  remarks  on  the  relations  of  different 
genera  of  green  Algse,  which  constitute  the  Sipfionocladiaceat, 

G.    W.   P. 

13.  Dr.  W.  G.  Fablow,  for  the  past  five  years  Assistant  Profes- 
sor of  Botany  at  the  Bussey  Institution,  Harvard  University,  has 
been  appointed  Professor  of  Cryptogam ic  Botany  in  the  Univer- 
sity proper.  This  is  the  first  professorship  in  this  important  and 
difficult  department  established  in  this  country.  The  laboratory 
for  instruction  and  research  in  the  lower  Cryptogamia  is  now 
established  at  Cambridge. 

III.  Miscellaneous  Scientific  Intelligence. 

1.  Intra- Mercurial  Planet, — Careful  search  was  made  at  the 
Royal  Observatory,  Greenwich,  and  other  places  for  the  transit 
of  the  supposed  intra-Mercurial  planet  over  the  Sun,  which, 
according  to  an  orbit  calculated  by  Dr.  Oppolzer,  of  Vienna, 
might  take  place  in  the  morning  of  the  19th  of  March  last. 
Nothing,  however,  was  seen  of  it — a  result  which  cannot  surprise 
those  accustomed  to  astronomical  observations,  and  able  to  appre- 
ciate the  great  uncertainty  of  the  data  on  which  the  calculatioDS 
were  founded,  several  of  the  observations  (among  which  we,  for 
our  part  at  least,  must  include  the  famous  one  by  the  Org^res 
physician,  M.  Lescarbault,  in  1859)  being  probably  of  some  spot 
on  the  Sun  or  else  altogether  apocryphal.  With  regard  to  the 
objects  seen  during  the  total  solar  eclipse  last  July,  Dr.  Oppolzer's 
orbit  did  not  take  in  either  of  them. — Athemmim^  April  12. 

2.  (reological  Society  of  London, — At  the  recent  annual  meeting 
of  the  Geological  Society,  the  Wollaston  gold  medal  was  awarded 
to  Professor  Bernard  Studer,  "  the  father  of  Swiss  geology ;"  the 
Murchison  medal  to  Professor  M'Coy,  of  Melbourne ;  the  Lyell 
medal  to  Professor  E.  Hi'bert,  of  Paris ;  the  Bigsby  medal  to  Pro- 
fessor E.  D.  Cope,  of  Philadelphia ;  the  balance  of  the  Wollaston 
Donation  Fund  to  Mr.  Samuel  Allpoit ;  the  proceeds  of  the  Mur- 
chison Geological  Fund  to  ^Ir.  J.  W.  Kirkby ;  a  moiety  of  the 
balance  of  the  proceeds  of  the  Lyell  Fund  to  Professor  Alleyne 
Nicholson,  and  the  other  moiety  to  Dr.  Henry  Woodward,  F.R.S. 
— NoMire^  March  13. 
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3.  OeoloyiccU  Survey  of  the  Territories  of  the  United  StcUes, — 
The  plan  proposed  by  the  Committee  of  the  National  Academy 
of  Sciences  for  the  scientific  surveys  of  the  United  States  Tern- 

•  tories  (this  Journal,  January,  1879,  p.  78),  was  accepted  by  Con- 
gress, just  at  the  close  of  the  last  Session,  (March  9th),  so  far  as 
it  relates  to  the  Geological  Survey.  The  position  of  Director  of 
the  Survey  has  been  giyen  to  Mr.  Clarence  King,  who  has  recently 
brought  the  Survey  of  the  40th  Parallel  to  a  successful  completion. 
Congress  has  also  appropriated  a  sum  of  twenty  thousand  dollars 
for  the  final  completion  of  each  of  the  three  Surveys,  which  have 
been  carried  on  up  to  this  time  under  Lieut.  Wheeler,  Dr.  F.  V. 
Hayden,  and  Major  Powell. 

4.  Gold  MedcU  of  the  AstronomiccU  Society. — The  Council  of 
the  Royal  Astronomical  Society  of  England  has  awarded  the  gold 
medal  of  the  society  for  this  year  to  Professor  Asaph  HaU  of 
Washington.  In  the  address  of  the  President,  Lord  Lindsay,  on 
presenting  the  medal,  a  detailed  statement  is  made  of  Proressor 
HalPs  many  and  valuable  contributions  to  astronomical  science, 
with  special  reference  to  the  most  important  of  these  :  the  discov- 
ery of  the  satellites  of  the  planet  Mars. 

6.  Paris  Academy  of  Sciences. — The  "Serres"  Prize  for  1878 
has  been  awarded  by  the  Academy  of  Sciences,  for  the  best  work 
in  embryology,  to  Alexander  Agassiz,  of  Cambridge.  This  is 
the  first  time  the  prize  has  been  given.  The  value  of  the  prize  is 
7500  francs. 

Prol  J.  Lawrence  Smith  has  recently  been  elected  a  Correspond- 
ing Member  of  the  Academy,  in  the  place  of  Sir  Charles  Lyell. 

6.  Memoirs  of  the  Musmim  of  Comparative  Zoology.  —  The 
first  part  of  No.  1,  vol.  vi,  of  the  Memoirs  of  the  Museum  of  Com- 
parative Zoology  at  Cambridge,  Mass.,  has  just  been  published. 
It  contains  a  portion  (288  pp.)  of  a  work  on  the  Auriferous  Gravels 
of  the  Sierra  Nevada  of  California,  by  Professor  J.  D.  Whitney. 
The  remainder  of  the  volume  will  be  ready  in  a  few  months. 

7.  Report  of  tlie  Obserimtions  of  the  Total  Solar  Edipse^  July 
29th^  1878,  made  at  Fort  Worthy  Texas;  edited  by  Leoxabi> 
Waldo,  Assistant  of  the  Observatory  of  Harvard  College.  60 
pp.  4to,  with  4  plates.  Cambridge,  1879.— -A  notice  of  this  report 
will  be  given  in  another  number. 

OBITUARY. 

Frank  IIuwk  Bradley  died,  from  the  falling  of  a  bank  in  a 
gold  mine,  near  Nacoochee,  Georgia,  on  the  27th  of  March.  Mr. 
Sradley  was  bom  at  New  Haven,  Connecticut,  on  the  20th  of 
September,  1838.  He  was  graduated  at  Yale  in  1863,  and  after- 
ward pursued  special  studies  in  natural  science  in  connection  with 
the  Sheffield  Scientific  School.  But  still  earlier,  his  tastes  had  led 
him  to  the  study  of  geology,  and  in  1857,  before  he  had  passed 
his  nineteenth  birthday,  he  had  by  his  discoveries  at  Keeseville 
added  a  new  trilobite  to  the  known  fauna  of  the  New  York  Pots- 
dam sandstone,  which  till  then  had  afforded  no  animal  remains 
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but  Lingulie  and  Soolithi ;  and  had  proyed  by  imperfect  specimenF 
the  existence  also  of  Crinoids  and  PienrotomariaB  in  the  aame  bed& 
This  discovery  was  announced  that  year  at  the  meeting  of  the 
American  Association  at  Montreal,  and  made  the  subiect  of  an 
article  in  this  Journal  in  1860.  After  his  graduation  at  Yale,  much 
of  his  time  was  spent  in  the  field  making  collections'of  fossils,  and, 
for  more  than  a  year,  at  Panama  and  its  vicinity  where  he  obtained 
large  collections  of  corals  and  other  specimens  in  zoology,  partly 
for  the  Tale  Zoological  Museum.  During  the  year  1867  he  was 
assistant  geologist  in  the  survey  of  Illinois,  and,  in  1869,  in  that 
of  Indiana.  The  Indiana  report  for  that  year  contains  a  valuable 
chapter  by  him,  treating  especially  of  the  Vermilion  County  Car- 
boniferous rocks.  Two  species  of  land  snails  from  these  rocks 
were  described  by  him  in  this  Journal,  in  1872.  During  the  sum- 
mer of  that  year  he  was  assistant  geologist  in  the  geological  survey 
of  the  Territories  under  Dr.  F.  v .  Hayden,  and  among  his  impor 
tant  results,  as  set  forth  in  his  excellent  report,  there  is  the  identi- 
fication by  fossils  of  the  Quebec  group  in  Idaho,  and  also  at  the 
base  of  the  Archseau  Teton  range.  During  the  years  1869  to  1875, 
Mr.  Bradley  was  Professor  of  Seology  and  Mineralogy  in  the  Udi- 
versity  of  Tennessee ;  and  while  there  he  made  a  detailed  sectiou 
of  the  unaltered  Lower  Silurian  formations  and  the  continuation 
of  the  beds  in  crystalline  rocks  on  the  east ;  and  the  results  of  bis 
careful  work  are  embodied  in  a  communication  to  this  Journal  in 
1 876  "on  the  Silurian  age  of  the  Southern  Appalachians.'^  Dunng 
the  same  year  he  prepared,  and  in  1876  published,  a  valuable, 
though  small,  geoloirical  map  of  the  United  States. 

Professor  Bradley  loft  his  position  at  Knoxville  in  1875,  with  the 
hope  of  so  adding  to  his  resources,  that  he  might  be  able  to  pur- 
sue his  favorite  science  untrammeled  by  outside  obligations;  and 
it  was  in  laboring  toward  this  end,  but  before  his  expectations  had 
been  realized,  that  he  met  with  his  untimely  death. 

Professor  Bradley  was  a  man  of  profound  zeal  for  science,  of  exact- 
ness in  observation,  of  great  enei:gy,  and  of  independent  judgment 
and  purpose.  His  tall,  straight  figure,  neatly  dressed,  but  after  a 
fashion  dictated  by  his  work  and  not  by  prevalent  modes,  ex- 
hibited his  independence  of  character  no  less  than  his  strongly 
drawn  physiognomy.  His  lines  of  action  were  laid  down  by  his 
sense  of  what  was  riijrht  and  just,  and  once  fixed,  oven  if  bearing 
only  on  the  position  of  a  comma  in  a  proof  sheet,  there  was  no  swerv- 
ing. He  even  contemned  any  accommodation  to  circumstances  in 
order  to  avoid  friction,  and  met  with  more  of  this  than  he  need 
have  encountered.  But  he  was  a  man  of  real  kindness  of  heart,  of 
warm  friendships,  and  of  groat  uprightness. 

Professor  Bradley  was  married  to  Miss  Sarah  M.  Holies  of  New 
Haven,  in  1867.  He  leaves  a  wife  and  one  young  daughter,  an 
infant  child  having  died  on  the  day  of  his  own  death.       j.  d.  d. 

Dove,  the  eminent  professor  of  Physical  Geography  at  Berlin, 
died  on  the  6th  of  April,  at  the  age  of  seventy-seven. 

W.  K.  Clifpobd,  of  University  College,  London,  an  able 
mathematician,  died  at  Madeira,  early  in  March. 
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structure,  which  is,  however,  probably  the  same  as  that  of  the 
Itaparica  reef. 

In  my  former  description  of  the  Itaparica  reef  I  stated  that, 
while  the  lower  portion  was  plainly  made  up  in  large  part  of  true 
corals,  the  upper  part  appeared  to  contain  only  nullipores.  I  have 
since  found  that  the  worm  tubes  covering  the  surface  of  the  reef 
enter  very  largely  into  its  structure,  probably  to  as  great  an 
extent  as  the  nullipores,  and  give  rise  to  an  exceedingly  hard, 
calcareous  rock  from  which,  ultimately,  all  traces  of  the  worm- 
tube  structure  disappear.  The  worm-tubes  and  nullipores  evi- 
dently compose  the  entire  upper  half  of  the  reef.  The  nullipores, 
in  the  upper  portions,  so  far  as  my  observations  went,  were  all  of 
the  encrusting  lichen  kind,  and  resulted  in  a  compact  structure, 
showing  a  sort  of  wavy  lamination  which  is  due  to  the  successive 
growths  of  nullipores.  The  large  digitate  nullipores,  so  common 
at  Pemambuco  and  at  many  places  in  the  Bay  of  Bahia,  are 
limited  to  the  lower  part  of  the  reef,  where  they  are  associated 
with  the  true  corals.  At  present  nullipores  are  living  in  abun- 
dance only  on  the  outer  side  of  the  reef^  to  a  height  of  about  one 
foot  above  medium  low  tide.  Above  the  line  of  nullipores  we 
find  the  entire  upper  surface  of  the  reef  coated  with  a  layer  of 
living  worm  tubes  and  large  barnacles.  The  latter  are  generally 
broken  off  by  the  waves  when  dead,  but  the  former  remain,  pro- 
ducing a  loose  structure  near  the  surface,  which  becomes  more 
compact  below.  The  existence  of  nullipores  in  this  upper  portion 
indicates,  however,  that  they  lived  on  top  of  the  reef  at  no  dis- 
tant time,  and  probably  also  that  the  reef  has  been  elevated  to  a 
filight  extent  since  then. 

Within  the  reef  the  water  is  very  shallow,  being  deepest  near 
the  reef  and  especially  at  and  around  the  openings  through  it ; 
it  gradually  shallows  inward  toward  the  beach.  The  bottom  of 
this  shallow  inner  channel  is  covered  with  sand  and  fragments  of 
all  sizes  of  corals  and  shells.  Corals  were  not  found  in  an  upright 
position  in  this  channel,  nor  do  living  corals  exist  there  at  all. 
The  coral  fragments  are  all  old,  frequently  much  worn,  and  almost 
invariably  covered  with  nullipore  and  bryozoan  growths,  also 
dead.  They  fonn  beds  of  considerable  thickness  in  places,  often 
more  or  less  consolidated,  and  are  dug  up  to  burn  for  lime.  The 
species  discovered  among  the  fragments  are  all  found  living  in 
various  parts  of  the  bay,  excepting  Mussa  Harttii^  which  does 
not  apparently  live  at  present  anywhere  in  the  Bay  of  Bahia. 
This  extensive  accumulation  of  broken  corals,  which  must  have 
been  formed  by  the  breaking  off  and  heaping  up  of  living  corals 
from  the  surface  of  the  reef  by  the  breakers,  when  the  reef  was  at 
a  lower  level,  testifies  to  the  exceeding  richness  of  the  coral  life  at 
that  time.  Corals  have  apparently  ceased  to  be  reef-builders  in 
the  Bay  of  Bahia. 

3.  oemirtnetamorphic  fossiliferous  rocks  containing  Serpentine, 

— Dr.  J.  W.  Dawson  mentions  facts  on  this  subject  from  which  the 

following  are  cited. 
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On  the  Sagucnay  River,  at  Lake  Chebogaraong,  there  is  a  band 
of  serpentine  associated  with  limestone;  and  Mr.  Ricbardson 
obtained  there  a  fossil  tabulate  coral  which  has  part  of  its  cells 
filled  with  serpentine,  and  also  veins  of  serpentine  intersecting  it. 
The  species  is  Astrocerium  pyriforme^  a  species  very  common  in 
the  Upper  Silurian  limestones  of  the  region  in  which  it  occurs, 
and  characteristic  especially  of  the  Niagara  formation.  The  for- 
mation containing  the  serpentine  and  limestone  ^^  is  described  as 
consisting  of  chloritic  slates,  in  some  places  with  hornblende 
crystals,  dolomites,  and  hard  jaspery  argillaceous  rocks." 

At  Melbourne,  in  the  province  of  Quebec,  rocks,  referred  by 
Logan  to  the  Quebec  group,  pass  upward  into  a  thick  series  of 
hydromica  schists,  associated  with  quartzose  bands  and  lenticular 
layers  of  crinoidal  limestone.  Over  these,  according  to  Logan, 
lies  serpentine  in  thick  beds  (undoubtedly  bedded  rocks  and  not 
"eruptive")  with  other  hydromica  schists,  limestone  breccia,  are- 
naceous beds,  beds  of  anorthite,  steatite,  dolomite  and  red  slates. 
The  serpentine  in  the  line  of  strike  passes  into  dolomite  and  red 
slate.  Fossils  occur  in  the  limestone  interst ratified  with  the  ser- 
pentine, and  also  disseminated  serpentine.  The  fossils  are  *'*' cri- 
noidal joints,  fragments  apparently  of  Stenopora,^'*  and  tubalar 
bodies  which  may  be  portions  of  Hyolitfies  or  77ieca^  having  an 
interior  of  calcite  and  a  coating  of  serpentine.  The  cells  of  the 
fossils  are  sometimes  filled  with  the  serpentine;  and  the  cnnoidal 
joints  are  surrounded  by  it,  with  dolomite  within. 

Slices  of  these  specimens,  and  those  of  other  localities,  were 
made  by  Mr.  Weston  when  under  the  direction  of  the  late  Sir 
W.  E.  Logan.  The  other  localities  include  Stamford,  Farnham, 
Cleveland,  Bedford,  Oxford,  Athabaska,  Point  Levi,  Riviere 
du  Loup,  in  most  of  which  Lower  Silurian  fossils  occur  associated 
with  hydrous  silicates. 

A  locality  at  Pole  Hill,  in  New  Bininswick,  discovered  by  Mr. 
C.  Kobb,  has  afforded  specimens  consisting  of  "  fragments  of  cri- 
noids  and  shtlls  finely  injected  with  an  olive-green  hydrous 
silicate  of  alumina,  iron  and  magnesia.  In  one  shell,  apparently 
an  Orthoceras  or  Theca^  the  dark  green  filling  has  cracked  in  the 
manner  of  Septaria  [as  often  true  of  crinoidal  stems  in  the  Sub- 
carboniferous  of  the  Mississippi  valley]  and  the  fissures  have  been 
filled  with  carbonate  of  lime. 

4.   The   Physical  History  of  the   Triassic  Formation  of  Nete 
Jersey  and  the  Connecticut  Valley ;  by  I.  0.  Russeu.  (Ann.  N.  Y. 
Acad.  Sci.,  i,  220-254). — The  author,  after  giving  some  account  of 
the  Triassic  formation  of  New  Jersey  and  the  Connecticut  Valley, 
discusses  the  origin  of  the  westward  dip  of  the  former  and  eastward 
of  the  latter.     He  adopts  the  hypothesis,  suggested  by  Professor 
Kerr  for  the  Trias  of  North   Carolina,  and  by  Professor  F.  H. 
Bradley  for  the  regions  of  which  Mr.  Russell  treats,  that  the  New 
Jersey  and  Connecticut  beds  are  opposite  parts  of  an  anticlinal. 
He   holds  also  that  the  sandstone  was  once  continuous  over  the 
whole  intermediate  region.     The  view  is  sustained  on  the  ground 
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that  the  dip  of  the  sandstone  is  in  opposite  directions  in  the  two 
areas — 10°  to  15°  northwestward  in  New  Jersey,  6°  to  60°  [averag- 
ing 15°]  to  the  eastward  and  southeastward  in  the  Connecticut 
Valley ;  and  on  the  view  of  a  conglomerate  on  the  western  border 
of  the  former  and  eastern  of  the  latter,  whence  it  is  inferred  that 
here  were  the  coast  lines  of  the  great  estuary.  Calculations  from 
the  dip  give  him  for  the  thickness  of  the  sandstone  25,000  feet, 
the  consideration  of  faults  in  the  beds  being  rejected  by  the  author 
as  without  "  plausible"  support. 

The  hypothesis  has  objections,  some  of  which,  as  they  appear 
to  the  writer,  are  here  stated. 

(1)  A  thickness  of  25,000  feet  of  water-made  sandstone  over  an 
area  of  metamorphic  rocks  more  than  100  miles  in  width,  large 
portions  of  whicn  are  now  several  hundred  feet  above  the  sea- 
level,  implies  a  subsidence  of  this  region  of  over  25,000  feet,  during 
the  formation  of  the  sandstone,  or  else,  this  depth  of  water. 

(2)  It  implies  also  an  elevation  of  the  whole  region — 100  miles 
wide  between  the  eastern  and  western  limits — not  only  to  this 
amount,  25,000  feet,  but  enough  higher  to  give  the  average  pitch 
of  15°  eastward  in  the  eastern  sandstone  and  10°  to  15°  in  the 
western.  For  a  width  in  the  Connecticut  Valley  of  fifteen  miles 
(the  area  averages  twenty),  the  dip  produced  by  the  alleged  up- 
lifting if  only  14° — supposing  no  laults — would  put  the  western 
side  of  the  Connecticut  VaUey  20,000  feet  above  its  eastern;  and 
the  site  of  New  York  City,  on  the  eastern  15,000  or  20,000  feet 
above  its  present  level,  with  25,000  feet  of  sandstone  over  it. 
How  much  higher  such  an  elevation  would  place  the  central  por- 
tion of  the  region  between  the  Connecticut  Valley  and  New 
Jersey,  the  reader  can  calculate.  Mountains  on  the  globe  at  the 
present  day  are  small  in  comparison. 

(3)  The  hypothesis  asks  for  an  incredible  amount  of  denuda- 
tion ;  crystalline  rocks  of  great  depth  as  well  as  sandstone,  over 
an  area  more  than  fifty  miles  wide  having  to  be  removed,  and  the 
surface  brought  down  to  its  present  level 

(4)  The  southern  limit  of  the  Connecticut  Valley  sandstone 
area  is  north  of  the  northern,  limit  of  the  New  Jersey.  The  New 
Jersey  area  cannot,  therefore,  be  on  the  opposite  margin  of  the 
sandstone  region  to  that  of  the  Connecticut  Valley.  That  there 
should  have  been  an  opposite  side  to  the  Connecticut  Valley  anti- 
clinal, the  New  Jersey  Trias  should  have  extended  up  the  Hud- 
son River  to  Albany,  N.  Y.,  120  miles  north  of  its  most  northern 
point,  Albany  being  in  the  same  latitude  with  its  northern  limit 
m  the  Connecticut  Valley;  and  hence  the  whole  of  western 
Massachusetts  as  well  as  of  Connecticut,  and  all  of  Eastern  New 
York,  south  of  Albany,  including  the  Green  Mountain  region, 
must  have  been  raised  to  the  enormous  altitude  referred  to  ;  and, 
besides,  the  sandstone  must  have  since  been  removed  from  the 
whole  so  that  no  trace  was  left,  with  the  exception  of  the  South- 
bury  basin.  Further,  the  opposite  side  of  the  New  Jersey  part  of 
the  arch  most  have  been  somewhere  out  in  the  Atlantic  south  of 
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Long  Island ;  and  this  island  must  have  participated  in  the  up- 
ward bend. 

It  is  however  to  be  admitted  that,  with  the  soj^sested  method 
of  accounting  for  the  dip  in  the  Connecticut  Valley  sandstone, 
there  was  no  need  of  any  sandstone  in  the  Hudson  River  Valley; 
and,  no  need,  in  fact,  of  anv  sandstone  over  the  intermediate 
region  of  crystalline  rocks  between  that  valley  and  the  New 
Jersey  area. 

(5)  No  evidence  of  such  an  anticlinal,  or  of  the  supposed 
amount  of  erosion,  exists  excepting  this — ^that  the  sandstone  of  the 
Connecticut  Valley  dips  eastward,  and  that  of  New  Jersey,  situ- 
ated wholly  to  the  south  of  the  southern  limit  of  the  Connecticut 
Valley  area,  dips  northwestward,  at  the  angles  stated. 

The  existence  of  a  conglomerate  along  the  eastern  border  of  the 
Connecticut  area  can  be  accounted  for  on  the  usual  view — that  this 
area  in  Triassico-Jurassic  times  was  a  Connecticut  Vallev  estuary, 
at  the  termination  of  the  Connecticut  River,  and  had  its  violent 
floods,  which  may  have  been  for  part  of  the  time  enlarged  by  the 
waters  and  ice  of  a  semi-glacial  era — auite  as  well  as  by  that  of 
its  being  the  eastern  part  of  a  much  larger  estuary ;  and  even 
better. 

The  features  of  the  Connecticut  Valley  beds  afford  other  argu- 
ments ;  but  it  is  not  necessary  to  bring  them  up  at  this  time. 

J.    D.    D. 

6.  Geological  Survey  of  Pennsylvania, — ^The  following  vol- 
umes containing  Reports  of  Progress  of  this  survey,  have  been 
recently  issued,  in  addition  to  that  by  Mr.  C.  A.  Ashburnbb 
mentioned  on  a  former  page  of  this  volume.  They  show  great 
activity  in  the  Survey. 

I.  Report  of  Progress  of  Bradford  and  Tioga  Counties  (G),  27*2 
pp.  8vo,  with  maps  and  sections;  including:  1.  on  the  Limits  of  the 
Catskill  and  Chemung  formations,  by  A.  Sherwood;  2.  Descrip- 
tions of  Coal  fields,  by  F.  Platt  ;  and  3,  on  the  Coking  of  Bitu- 
minous Coal,  by  J.  Fulton. 

II.  Report  of  Progress  in  Indiana  County  (HHH),  by  W.  G. 
Plait,  316  pp.  8vo,  with  a  colored  map  of  the  County.     1878. 

III.  CatcUogue  of  the  Geological  Museum^  Part  I,  Rock  speci- 
mens.    218  pp.  8vo.     1878. 

IV.  The  Brown  Hematite  Deposits  of  the  Siluro- Cambrian 
limestones  of  Lehigh  County^  lying  between  ShimersvillCj  MiUen- 
town^  Schnecksville^  Pallietsville,  and  the  Lehigh  River  (DD),  by 
Frederick  Prime,  Jr.;  100  pp.  8vo,  with  5  map-sheets  and  5 
plates.  1878. — Professor  Prime,  shows  that  the  rocks  of  the 
region,  above  the  Laurentian,  are,  in  succession,  (1)  the  Potsdam 
sandstone;  (2)  a  Siluro-Cambrian  magnesian  limestone,  which  has 
afforded  Chazy  fossils,  besides  an  Orthoceras  and  Lingulte  too 
imperfect  for  determination ;  (3)  Damourite  (Ilydromica)  slates, 
all  in  general  conformable ;  also  (4)  the  Trenton  limestone,  as  a 
direct  continuation  of  the  magnesian  limestone,  the  beds  affording 
encrinital   stems   identical   with    those    found  in    Northampton 
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County  overlying  characteristic  Trenton  fossils ;  and  (5)  Hadson 
River  slates,  also  conformably  continuous  with  the  preceding. 
Professor  Prime  treats  also  of  the  origin  of  limonite  beds  associated 
with  the  damourite  slates,  and  of  other  points  in  the  geology  of 
the  region.  His  method  of  determining  the  aj?e  of  the  crystalline 
schists  by  means  of  the  fossils  in  the  conrormably  associated 
strata  gives  positive  results. 

V.  Special  Report  on  the  Trap-Dykes  and  Azoic  Rocks  of 
SatUheastem  Pennsylvania  (E),  by  T.  Stehry  Hunt.  Part  I.  His- 
torical Introduction.  254  pp.  8vo.  1878. — ^This  Historical  Intro- 
duction is  a  general  exposition  and  re-statement  of  the  author^s 
views  on  the  **  Azoic,"  Cambrian  and  Silurian  rocks,  of  this  and 
other  countries,  and  the  application  of  lithology  to  classifying  and 
fixing  the  age  of  the  various  crystalline  ro<^s,  besides  notes  on 
eruptive  rocks,  along  with  a  historical  account  of  former  views  on 
these  and  other  subjects,  and  a  statement  of  the  observations  from 
various  sources  that  appear  to  favor  the  views  set  forth.  It  is 
valuable  as  a  definite  exnibition  of  the  present  state  of  such  views 
in  the  science,  and  of  the  arguments — not  always  just  to  the 
observations  of  others — by  which  they  are  sustained.  The  prog- 
ress of  the  science  will  show  how  much  of  truth  there  is  in  them. 

J.  D.  D. 

6.  Report  of  the  Oeologicc^  Survey  of  Ohio.  Vol.  Ill,  Oeology 
and  PaloBonJtology.  Part  I,  Oeology.  964  pp.  8vo. — This  large 
volume  consists,  after  its  Preface  by  Professor  J,  S.  Newberky, 
the  head  of  the  Survey,  of  a  Review  of  the  Geological  Structure 
of  Ohio  by  Professor  Newberry,  and  chapters  on  the  Geology  of 
difierent  counties  by  the  same,  and  the  Assistant  Geologists,  Messrs. 
J.  J.  Stevenson,  M.  C.  Read,  A.  W.  Wheat,  Edward  Orton, 
John  Hussey,  F.  C.  Hill,  A.  C.  Lindemuth,  J.  T.  Hodge  and 
H.  Herzer,  with  supplemental  Reports  by  E.  B.  Andrews  and 
E.  Orton. 

From  Professor  Newberry's  Review  we  take  the  following 
conclusions. 

The  Cincinnati  group  does  not  represent  the  Hudson  River 
group  of  New  York,  but  the  whole  Trenton  series,  including  the 
Trenton  limestone  and  Hudson  River  groi^p. 

Many  fossils  of  the  Oriskany  sandstone  in  Canada  West,  as 
Spirifera  arenosa^  S.  arrecta^  Aensellaeria  ovoides,  and  AvictUa 
arenosa  are  found  mingled  with  FavositesOothlandica^  2kzphrentis 
prolifica^  Conocardium  trigonale^  Platyceras  nodosum^  and  many 
other  well  known  fossils  of  the  Comiferous  limestone,  which  facts, 
in  addition  to  the  entire  absence  of  Upper  Silurian  species,  prove 
the  Oriskanv  to  be  much  more  closely  allied  to  the  Devonian  than 
to  the  Silanan. 

The  **  Black  shale  "  or  "  Huron  shale"  of  the  Devonian  is  made 
up  of  the  black  shales  of  the  Lower  Portage  and  the  Genesee.  In 
the  shale,  besides  the  gigantic  DinichthySy  the  jaw  of  a  large 
Placoderm  has  been  obtained  which  has  been  referred  to  a  new 
genus,  DiplognathuSy  also  a  new  species  of  Dinichthys^  a  new 
CtenaeanmuSf  and  several  of  Cladodus. 
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The  Yolume  contains  much  of  great  valne  to  the  science  that 
would  be  here  cited  but  for  the  limited  space. 

7.  Journal  of  a  7hyr  in  Marocco  and  the  Cheat  Atlas  ;  by 
Sir  Joseph  Dalton  Hookbr,  President  R.S.,  etc.,  and  John 
Ball,  F.R.S.; — toith  an  Appendix  including  a  sketch  of  the  Geology 
of  Marocco;  by  George  Maw,  F.G.S.,  etc.  499  pp.  8vo.  Lon- 
don :  1878.  (Macmillan  &  Co.). — This  volume  contains  an  accoant 
of  a  journey  made  by  Sir  Joseph  Hooker,  Mr.  Ball  and  Mr.  Maw 
in  1871  to  a  region  which,  as  the  preface  remarks,  was  then  little 
better  known  to  geographers  than  it  was  in  the  time  of  Strabo  and 
Pliny.  The  general  account  of  the  journey,  occupying  the  first 
348  pages,  contains,  besides  incidents  by  the  way,  much  informa- 
tion on  the  features,  vegetation,  and  people  of  the  country.  It  is 
followed  by  Appendixes  on  the  Geograpny  of  the  region,  by  John 
Ball ;  on  its  economic  plants,  a  companson  between  the  P  lora  of 
the  Canary  Islands  and  of  Marocco,  and  between  that  of  Tropical 
Africa  and  of  Marocco,  by  J.  D.  Hooker;  on  the  Mountain  l<lora 
of  two  valleys  of  the  Great  Atlas,  by  J.  Ball ;  on  the  Geology  of 
the  plain  of  Marocco  and  the  Great  Atlas,  by  George  Maw. 

The  geological  chapter  contains  much  on  the  glacier  phenomena 
of  the  Atlas  region.  "  dnquestionable  moraines"  were  observed 
in  the  province  of  Reraya,  at  a  height  of  6,000  feet,  where  was  a 
"  gigantic  ridge  of  porphyry  blocks,"  "  with  no  admixture  of  small 
fragments,"  8o0  to  900  feet  m  vertical  height,  damming  up  the  deep 
ravine.  The  beds  of  bowlders  flanking  the  northern  escarpment  of 
the  Atlas  plateau  spread  downward  in  great  mounds  and  undulat- 
ing ridges  from  a  height  of  3,900  feet  to  the  borders  of  the  plain 
1,900  feet  above  the  sea ;  and  the  moraines,  commencing  at  a  height 
of  5,800  feet,  stretch  up  the  Atlas  ridge  lo  a  height  of  betw^een 
7,000  and  8,000  feet.  Behind  the  moraines,  at  6,200  feet,  there 
was  observed  a  plain  of  shingle,  which  seemed  to  be  the  bed  of  a 
small  lake.     At  present  there  is  not  even  perpetual  snow  on  any 

f>art  of  the  Atlas  range.  Since  the  era  of  the  glaciers,  the  coast 
ine  has  been  raised  at  least  seventy  feet,  as  indicated  by  raised 
beaches  at  Mogador  "  which  may  possibly  be  cotemporaneous 
with  raised  beaches  on  the  coasts  of  Spain  and  Portugal."  A 
slight  subsidence  of  the  coast-line  is  stated  to  be  now  going  on. 

8.  Annual  Report  of  the  State  Geologist  of  New  Jersey^  for 
1878.  132  pp.  8vo. — The  prominent  feature  of  this  Report  is  a 
chapter  on  the  "  Glacial  and  ModiOed  Drift"  of  the  State,  which 
is  illustrated  by  a  large  map,  showing  the  surface  covered  by  the 
drift,  the  course  of  the  "  terminal  moraine,"  and  the  "  Oak 
Lands  "  and  "  Pine  Lands."  It  treats  also  of  the  soils  of  the 
State,  clays  and  their  compositions,  clay  deposits,  glass  sand,  pro- 
gress of  the  topographical  survey  of  the  State,  and  gives  analyses 
of  some  iron  ores  and  limestones. 

9.  Geological  Record  for  1876;    an   account  of  works   on 

Geolof/i/y  Mineralogy^  and  Pal(V,ontology ^  published  during  the 

year ;   with  Sffpplements  for  1874  and  1875.     Edited  by  Wm. 

Whitaker,  B.  a.,  F.G.S.,  of  the  Geological  Survey  of  England. 
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415  pp.  8vo.  London,  1878.  (Taylor  &  Francis.) — ^The  third 
volume  of  the  Geological  Record  is  fully  up  to  its  predecessors 
in  scope  and  thoroughness.  The  value  of  the  work,  to  all  engaged 
in  the  sciences  included,  would  seem  to  be  so  obvious  that  it  is  a 
matter  of  surprise  and  regret  that  the  editor  should  be  compelled 
to  call  for  more  subscribers  to  inf^ure  its  continued  success. 

1 0.  2%6  Study  of  Hocks;  A  n  Elementary  text-hook  of  Petrology; 
by  Frank  Rutlbt,  F.G.S.,  of  the  Geological  Survey.  319  pp. 
12mo.  London:  1879.  (Longmans,  Green  &  Co.). — ^The  study  of 
rocks  by  the  microscope  is  now  recognized  as  so  important  a  part 
of  lithology  and  so  universally  employed,  that  an  English 
text-book  giving  the  methods  employed  cannot  fail  to  be  appre- 
ciated. The  work  is  about  equally  divided  between  the  descrip- 
tion of  methods  of  making  thin  sections  and  of  examining  them  in 
the  microscope,  the  description  of  the  rock-making  minerals,  and 
of  the  rocks  themselves.  Mr.  Rutley's  work  is  a  convenient  one 
for  the  student.  It  is  not,  however,  free  from  errors ;  the  descrip- 
tion and  figure  on  page  94  show  that  the  mineral  referred  to  must 
be  microcline  and  not  orthoclase. 

11.  Ueber  die  Zusammensetzung  der  Lithionglimmer^  von  0. 
F.  Rammblsbebg.— Professor  Rammelsberg  has  made  a  new  ex- 
amination of  the  lithia  mica,  lepidolite,  with  special  reference  to 
the  amount  of  alkalies  present.  He  finds  that  many  of  the  previ- 
ous analyses  are  incorrect  in  the  determination  of  the  lithia,  and 
in  this  respect  he  rejects  the  analyses  of  Berwerth  upon  which 
Tschermak  based  his  recent  conclusions  as  to  the  chemical  formula 
(this  Journal,  III,  xvii,  176).     For  the  lepidolite  of  Paris,  Me.,  and 

Rozena,  Rammelsberg  writes  the  formula  Rj  AlSigO ,  q. — {Ber.  Ak, 
Berlin^  Oct.  28,  1878.)  e.  s.  d. 

12.  On  the  composition,  of  Spodumene  and  PetaXite;  by  C. 
DoKLTEB. — Dr.  Doelter  has  recently  analyzed  spodumene  from 
Norwich,  Mass.,  (1)  and  from  Brazil  (2)  with  the  following 
results : — 

SiO,         AlO,        FeO        CaO      MgO     Li,0    Na,0      K^O 

(1)  63-79      27-03      0-39      0*73     0*21      704     1-10     0-12=:100-41 

(2)  63.34      27-66      1-16      0-69       ...     7-09     0*98        ..=100-91 

After  making  allowance  for  impurities,  he  obtains  for  the 
quantivalent  ratio  of  R :  Al :  Si=l :  3 :  8  (instead  of  1:4:10  previ- 
ously accepted)  and  writes  the  formula  RgAlSi^O^a,  where  R=Li 
and  Na  in  the  ratio  of  15 :  1. 

The  composition  of  petalite  is  also  discussed  and  the  conclusion 

reached  that  is  expressed  by  the  formula  RgAlSij^Oj^,  and  the 
opinion  is  advanced  that  petalite  bears  the  same  relation  in  com- 
position to  spodumene  that  albite  does  to  anorthite.  e.  s.  d. 

13.  Cacoxejiite  from  Lake  Superior,  (Communicated). — Mr.  E. 
Ci^AASSBN  of  Cleveland  has  identified  cacoxeuite  on  the  martite 
of  Lake  Superior.  It  appears  in  brownish-yellow  acicular  crystals 
forming  radiating  tufts. 
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14.  -^  titaniferotia  Chrysolite. — M.  Damouh  has  described  a 
titaniferous  chrysolite  from  Zermatt,  SwitzerlaDd.  It  has  a  red 
color,  similar  to  that  of  almandiDe  garnet;  6.=3-27.  An  analysu 
afforded  SiO,  36-14,  TiO^  610,  MgO  48-31,  FeO  689,  MnO  0-19, 
ign.  2*23=i99*86;  this  gives  almost  exactly  the  required  ratio  of 
1 :  1  for  bases  to  silicon. — (BulL  Soc.  Min.  France^  ii,  16.) 

15.  On  the  crystalline  system  of  PyrostUpnite  (JF^rehlende),— 
Strkng,  in  a  paper  devoted  to  a  thorough  crystallographic  descrip- 
tion of  some  silver  minerals  from  Chanarcillo,  Chili,  states  that 
pyrostilpnite  (feuerblende)  belongs  to  the  orthorhombic.  Dot  the 
monoclinic,  systenu  The  conclusion  is  based  both  upon  the  meas- 
sured  angles  and  the  optical  character. — {Jdhrb,  Jfin.j  1878,  897). 

16.  Die  Meteoritensammluny  der  Universitdt  G6Uingen^  von 
C.  Klein. — The  collection  of  meteorites  at  Gottingeu,  according 
to  the  recent  catalogue  of  Professor  Klein,  is  one  of  the  great 
collections  of  the  world,  including  meteoric  stones  from  115  dis- 
tinct falls,  and  90  meteoric  irons  from  different  localities. 

17.  JEhistatite  rock  from  South  Africa. — ^Professor  Maskeljne 
has  described  a  rock  from  two  localities  in  the  Transvaal,  South 
Africa,  consisting  solely  of  massive  enstatite.  This  is  a  kind  pre- 
viously not  recognized,  in  litholo^y,  although  rocks  have  been 
known  which,  as  Iherzolyte,  contain  enstatite  as  a  prominent  in- 
gredient. 

IIL  Botany  and  Zoology. 

1.  Polyembryony^  true  and  false^  and  its  relation  to  Partheno- 
genesis.— Strasburger  has  an  interesting  paper,  Ueber  Polyembry- 
onie,  ill  the  Zeitschrift  ftlr  Naturwiseenschaft  of  Jena  (1878), 
which  we  know  as  yet  only  at  second  hand,  chiefly  from  a  notice 
in  the  Archives  des  Sciences  Phys.  et  Nat.  of  February,  1879. 

Strasburger's  researches  upon  the  fecundation  of  the  angiosper- 
mous  Phflenogams  show  that  the  embryo-sac  very  seldom  produces 
more  than  one  embryonal  vesicle  which  is  fecundated  or  capable 
of  being  fecundated.  The  single  constant  exception  to  this  rule, 
known  to  him,  \s  that  of  Santalnm  album  whicli  produces  two; 
and  one  or  two  Orchids  are  mentioned  in  which  the  embryonal 
vesicle  divides  into  two,  occasionally.  True  polyembryony  must 
therefore  be  very  rare  in  Angiosperms.  But  seeds  containing 
more  than  one  embryo  are  of  common  occurrence  in  oranges,  in 
Punkia,  Allium  or  Nothoscordum,  etc.  According  to  Strasbur- 
ger, all  supernumerary  embryos  in  such  cases  are  adventitious, 
originate  outside  of  the  embryo-sac  by  a  kind  of  prolification  in 
the  nucleus,  and  are  not  fecundated  at  all.  They  appear  in  the 
form  of  minute  cellular  protuberances,  which  lengthen  by  degrees 
and  push  into  the  embryo-sac  by  a  sort  of  hernia,  or  pierce  their 
way  into  it,  becoming  in  the  ripe  seed  veritable  embryos,  which  it  is 
not  easy  to  distinguish  from  the  one  resulting  from  the  fecundation 
of  the  embryonal  vesicle  itself.  Independent  as  these  adventive 
embryos  are  of  fecundation,  yet  Strasburger  could  not  obtain  them 
in  Nothoscordum  when  he  had  extirpated  the  stamens  before  an- 
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thens  and  prevented  access  of  pollen.  Bat  it  appears  that  CcbIo- 
bogyne  is  just  a  case  of  this  kind,  namely,  one  in  which  an  adven- 
tive  embryo  is  habitually  produced,  instead  of  the  normal  embryo 
which  fails  from  the  want  of  fecundation,  the  male  plant  not 
being  in  cultivation.  It  is  understood  that  this  is  not  a  mere 
inference,  bnt  that  Strasburger  has  traced  the  development  of  the 
embryonal  vesicle  in  the  ovule  of  Ccelobogyne^  followed  by  its 
failure  and  resorption,  and  by  the  independent  production  of 
adventive  embryos  in  the  manner  above  described. 

This,  then,  gives  an  explanation  of  the  long-disputed  partheno- 
genesis of  Cadobogyne^  and  therefore  of  the  less  notable  instances. 

Parthenogenesis,  it  is  then  concluded,  is  only  in  appearance ;  it 
is  sometimes,  and  perhaps  in  all  cases,  '^  a  prolification  of  the 
nucleus."  Now  we  should  insist  that,  since  the  result  is  "  a  veri- 
table embryo"  (equivalent  in  structure,  position  of  radicle,  and 
ultimate  growth  to  the  true  embryo),  and  not  a  bud,  parthenogen- 
esis is  the  just  name;  that  the  very  interesting  and  important 
conclusion  attained  is  that  parthenogeny  results,  not  from  the 
development  of  an  unfeeun dated  embryonal  vesicle,  as  was  sup- 
posed, but  from  a  development  of  other  and  extraneous  cells  into 
an  embryo;  also  that  it  is  not  very  rare,  since  the  adventive 
or  supernumerary  embryos  of  various  seeds  are  cases  of  this  par 
thenogeny. 

Not  the  least  interesting  consideration  is,  that  we  have  here  a 
counterpart  of  what  DeBary  terms  Apogamy^ — instead  of  an 
analogue  of  it.  Apogamy  is  a  vegetative  prolification  from  what 
should  normally  result  in  the  product  of  sexual  reproduction. 
JParthsfwgeny  proves  to  be  the  inverse  of  this,  a  vegetative  pro- 
duction in  the  ovule  of  the  proper  result  of  sexual  reproduction, 
viz:  embryo.  And  finally,  we  have  in  these  two  modes  taken 
together — what  was  quite  to  be  expected — a  manifest  and  signifi- 
cant narrowing  of  the  hiatus  between  vegetative  and  sexual  repro- 
duction, which  Mr.  Darwin  may  turn  to  account. 

Some  applications  of  this  new  knowledge  may  be  made.  It  is 
quite  possible  that  more  embryos  than  we  are  aware  of  may  be 
adventive.  Rather  more  than  a  year  ago  we  gave  an  abstract  in 
this  Journal*  of  Mr.  Francis  Parkman's  interesting  paper  on  the 
hybridization  of  Lilies.  It  may  be  remembered  that  the  greater 
part  of  his  hybrids  exactly  reproduced  the  female  parent.  The 
explanation  which  we  suggested  to  him,  and  which  he  refers  to  in  his 
paper,  was,  that  those  plants  were  not  really  hybrids  at  all,  but  were 
from  embryos  originated  without  male  influence.  What  then 
seemed  to  us  the  least  improbable  explanation,  would  now  appear 
to  be  the  one  altogether  probable.  a.  g. 

2.  Notes  on  Euphorbiacem.  By  George  Benth am.  (Extr.  Jour. 
Linn.  Society,  No.  100,  Dec,  1878,  vol.  xvii.  pp.  185-267).— This 
thoughtful  essay  ijresents  the  general  views  attained  to  by  Mr. 
Bentnam  on  workmg  up  the  genera  of  the  great  order  Euphorbior 
cecs  for  the  ensuing  volume  of  the  Genera  JPlantarum.     We  need 

*  The  number  for  February,  1878,  p.  151. 
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not  specify  any  of  the  results,  except  to  indicate  the  anther's 
decision  in  the  case  of  the  Buxeoe.  lie  does  not  follow  his  pred- 
ecessors, Baillon  and  J.  Mueller,  who,  much  as  they  differ  in  other 
respects,  agreed  in  setting  up  the  order  JBuT^acere,  taking  their 
cue  from  Agardh,  and  making  much  of  the  dorsal  rhaphe.  BeD- 
tham  concludes  that  this  small  group,  however  well  defined,  ought 
not  in  a  general  view  to  be  regarded  as  of  higher  grade  than  one 
of  the  primary  divisions,  or  tnbes,  of  IiJuphorbiaceoB.  We  are  not 
the  less  pleased  with  this  that  we  quite  expected  it. 

A  wider  interest  will  be  felt  in  Mr.  Bentham's  excursus  ou 
nomenclature,  or  rather  on  some  questions  which  the  study  of 
JEuphitrbiacem  brought  up,  and  which  some  recent  discassions  have 
made  pertinent.  The  general  laws  of  nomenclature  of  our  day, 
and  the  principles  ou  which  they  rest,  are  laid  down  in  the  code 
which  was  reported  by  Alphonse  DeCandolle  to  the  Paris  Inter- 
national Convention,  in  the  year  1867,  and,  being  approved,  was 
published  with  a  commentary  in  the  autumn  of  that  year,  and  in 
an  English  translation  early  in  the  following  year.  The  laws, 
without  the  commentary,  were  printed  in  this  Journal  for  July, 
1868.  The  ten  years  succeeding  have  tested,  somewhat  thor- 
oughly, the  questions  (nearly  all  of  minor  moment)  upon  which 
differing  usages  prevailed ;  and  though  one  or  two  points  are  still 
mooted,  the  great  majority  of  phaenogamous  botanists  are  coming 
to  be  of  one  mind  and  practice.  But,  as  Mr.  Bentham  remarks: 
"  The  result  has  not  been  quite  effectual  in  checking  the  ever- 
increasing  spread  of  confusion  in  synonymy.  Besides  the  young 
liberal-minded  botanists  who  scorn  to  submit  to  anv  rule  but  their 
own,  there  are  others  who  differ  materially  in  their  interpretation 
of  some  of  the  laws,  or  who  do  not  perceive  that  in  following  loo 
strictly  their  letter  instead  of  their  spirit,  they  are  only  adding 
needlessly  to  the  general  disorder.  In  the  application  as  well  as 
in  the  interpretation  of  these  rules  they  do  not  sufficiently  bear  in 
mind  two  general  principles;  first,  that  the  object  of  the  Lin- 
uiean  nomenelature  is  the  ready  identification  of  species,  genera, 
or  other  groups  for  study  or  reference,  not  the  glorification  of  bot- 
anists; and  secondly,  that  changing  an  established  name  is  very 
different  from  giving  a  new  name  to  a  new  plant." 

It  is  to  the  latter  point  that  this  most  experienced  and  even- 
minded  botanist  addresses  himself.  "The  rule  that  loncr-estab- 
lished  custom  amounts  to  prescription,  and  may  justify  the  main- 
tenance of  names  which  form  exceptions  to  those  laws  which 
should  be  strictly  adhered  to  in  naming  new  plants,  is  unfortunately 

now  frequently  ignored The   law   of  priority  is  an 

excellent  one;  and  when  a  genus  or  species  has  been  well  defined 
by  an  early  botanist  in  a  tcenerallv  accessible  work,  but  has  sub- 
sequently  been  neglected,  and  the  plant  became  known  under 
other  names,  it  is  well  that  the  original  one  should  be  restored. 
.  .  .  .  On  the  other  hand,  it  creates  nothing  but  confusion  to 
suppress  a  generic  name,  well-characterized  and  universally 
adopted  by  long  custom,  in  favor  of  a  long-iorgotten  one,  vaguely 
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designated  in  an  obscure  work,  out  of  the  reach  of  the  great 
majority  of  botanists The  greater  number  of  Seek- 
er's genera  have  been  so  imperfectly  characterized,  with  so  absurd 
a  terminology,  that  they  are  quite  indeterminable ;  and  his  names 
deserve  to  be  absolutely  ignored,  except  in  the  very  few  cases 
where  Jussieu  or  other  early  French  botanists  have  succeeded  in 
identifying  them,  and  corrected  their  characters ;  but  even  then 
it  is  doubtful  whether  these  names  should  not  bear  the  date  of  the 
correction,  rather  than  of  the  original  work.  Adanson's  "  Fam- 
ilies," with  all  the  inconveniences  of  its  form  and  absurd  orthog- 
raphy, is  much  more  scientific,  and  many  of  his  genera  are  well 
defined,  and  have  therefore  been  properly  adopted/'    .... 

Let  us  here  interject  a  practical  application.  There  is  an  old 
and  well-established  genus  Smilacina  of  Desfontaines.  There  is  a 
much  older  genus  Tovaria  of  Ruiz  and  Pavon,  founded  in  1794, 
ever  since  accepted,  and  without  a  synonym.  Recently  Mr.  Baker 
of  Kew,  finding  that  Necker  has  a  Tovaria^  published  in  1700,  and 
therefore  four  years  earlier  than  that  of  Ruiz  and  Pavon,  takes  up 
this  name  in  place  of  Smilacina^  and  leaves  a  new  name  to  be 
made  for  the  long-established  homonymous  genus.  It  will  be  said 
that  the  rule  of  priority  demands  the  sacrifice,  and  that  the  iden- 
tification of  Necker^s  genus  is  sure,  because  the  three  Linnsean 
species  of  Convallaria  which  properly  constitute  Desfontaines' 
jSmUacina  are  referred  to  it  by  name ;  and  that,  though  it  be  a  case 
of  summum  jus  summa  injuria^  the  injurious  consequence  is  a 
necessity.  But  Mr.  Hentham's  characterization  of  Necker's  work 
applies  even  to  this  instance.  Twice  over  Necker's  Tovaria  is 
described  as  haying  a  perianth  of  five  sepals,  and  the  berry  is  said 
to  be  one-celled.  Desfontaines'  Smilacina^  on  the  other  hand,  is 
correctly  characterized.  Moreover,  if  we  do  not  include  this 
among  those  names  of  Necker  which,  Mr.  Bentham  says,  "  deserve 
to  be  absolutely  ignored,"  we  may  yet  find  that  the  law  of  prior- 
ity has  another  claim  on  it.  In  1763  a  much  better  botanist  than 
Necker,  viz:  Adanson,  founded  a  genus  Ihvara  (essentially  the 
flame  name  as  Tovaria)  on  Polygonum  Virginiauum  L.,  which  is 
not  unlikely  to  be  taken  up  as  a  genus;  and  the  name  would  super- 
sede Necker's  by  the  same  rule  that  Necker's  supersedes  Desfon- 
taines' Smilacina,  All  things  considered,  then,  this  is  a  case  for 
the  application  of  the  homely  but  useful  rule  Quieta  non  movere  ; 
and  much  of  Mr.  Bentham's  pertinent  advice  may  be  condensed 
into  this  maxim.  But  there  remain  nice  questions  to  settle  with 
regard  to  the  names  and  extent  of  the  liliaceous  genus. 

"The  representing  the  Greek  as]>irate  by  an  h  was  generally 
neglected  by  early  botanists;  but  now,  ever  since  DeCandoUe 
altered  Elichryswn  into  Ilelichrysum^  modern  purists  have 
iosisted  upon  inserting  the  h  in  all  cases;  and  this  has  been  so 
£ar  acquiesced  in  that  it  is  difficult  now  to  object  to  it,  though  it 
has  the  efiect  of  removing  so  many  generic  names  to  a  distant 
part  of  all  indexes,  alphabetical  catalogues,  etc.  Admitting  the 
propriety  of  adding  the  aspirate  in  new  names,  I  had  long  declined 
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to  alter  old  names  on  this  accoant ;  now,  however,  I  find  myself 
compelled  to  follow  the  current."  Wliich  is,  on  the  whole,  regret- 
able,  especially  as  Alph.  DeCandolle  would  hold  out  with  Diia 
See  the  latter's  comment  on  his  Article  66,  in  which  the  remark  \i 
dropped  that,  "  we  do  not  see  why  we  should  be  more  rigorous 
than  the  Greeks  themselves."  Oddly  enough,  these  same  writers 
who  must  supply  the  aspirate  to  the  e  omit  it  from  the  r,  and  write 
rachifi  and  raphe^  instead  of  rhachis  and  rhaphe^ — which  is  exas- 
perating to  lovers  of  uniformity. 

It  is  unnecessary  here  to  cite  Mr.  Bentham's  appropriate  illus- 
tration of  the  indivisibility  of  the  two-worded  name  of  a  plant 
"^riie  proper  apprehension  of  this,  and  of  the  paramount  rule  that 
no  unhecesanry  new  names  should  be  given  to  old  plants,  will  go 
far  to  rid  the  science  of  a  principal  remaining  ambiguity  in  nomeu- 
clature.  For  it  clearly  follows  that  when  a  plant  has  a  rightfol 
name  under  its  proper  genus,  the  specific  half  of  it  is  not  to  be 
changed  because  of  any  earlier  specific  name  under  some  other 
genus,  to  which  the  plant  does  not  belong.  a.  g. 

3.  Journal  of  a  Tour  in  Marocco  and  the  Chreat  Atliis.  By 
Joseph  Dalton  JIookeb,  K.C.S.I.,  etc.,  and  John  Ball,  F.RS., 
etc.  A  brief  notice  of  the  geological  appendix  in  this  work  is 
given  on  page  332.  We  add  hero  a  few  words  on  the  botanical  re- 
sults. Sir  Joseph  Hooker  contributes  an  article  on  some  of  the 
economic  plants;  the  most  important  portion  of  which  relates  to 
the  Argan  tree,  the  natural  and  economical  history  of  which  is 
now  pretty  well  known.  The  narrative  contains  a  wood-cut  figure 
of  a  ^roup  of  old  Argan  trees,  in  which  goats  are  seen  high  up 
anionir  the  spreading  branches,  feeding  upon  the  fruit.  Of  higher 
scientific  interest  is  the  comparison  of  the  Canarian  flora  with  the 
Maroccan  (of  which  we  cannot  here  undertake  an  abstract);  also 
the  comj)arison  of  the  Atlas  flora  w^ith  that  of  the  mountains  of 
Grenada,  and  of  northern  Europe.  So  far  as  is  yet  known,  the 
north  European  or  Germanic  character  largely  preponderates  in 
it,  yet  absolutely  without  alpine  representatives.  These  last  prob- 
ably exist,  but  at  elevations  which  have  not  yet  been  reached.  It 
was  a  trying  experiencj  to  have  surmounted  a  pass  of  the  Great 
Atlas  range,  only  to  encounter  a  snow-storm,  and  to  be  obliged  to 
turn  back  without  reaching  the  higher  crests  so  near  at  hand. 
Mr.  Ball  has  worked  up  the  botanical  results  technically  and  sys- 
tematically in  his  Spicilefjiufn  Florce  3f(rroccanfe^  which  fills  nearly 
600  pages  of  the  sixteenth  volume  of  the  Journal  of  the  Linnean 
Society,  and  is  illustrated  by  twenty  plates.  a.  «. 

4.  Eaton' H  Ferns  of  Xortk  Arneric.a.  —  We  are  not  sure  that  we 
have  noticed  the  later  issues  of  this  work,  so  important  to  all  fern* 

?eople  and  botanists.  But,  in  any  case,  we  must  make  a  note  of 
*arts  12  and  13,  a  double  number,  which  has  just  come  to  hand, 
the  plates  are  so  excellent.  As  to  the  letter-] »ress,  this  is  always 
satisfactory.  Aspidiuni  aiTOstf'choides  is  well  represented,  and 
well  colored.  The  same  would  be  said  of  Pteris  aquilina^  were  it 
not  that  the  frond  looks  diminutive.     The  three  Asplenia  make  a 
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fine  plate.  Bnt  the  figure  of  A,  parvulum  is  stiff:  we  never  saw 
it  growing  bolt  apright,  and  the  difference  in  size  between  this 
and  the  other  two  is  not  made  sufficiently  manifest.  A  somewhat 
more  northern  range  must  be  assigned  to  this  species.  We  found 
it  rather  common  in  the  mountains  of  the  southern  part  of  Vir- 
ginia, as  well  as  in  North  Carolina.  Adiantum  CapiUus-  Veneris^ 
the  subject  of  the  next  plate,  and  which  is  luxuriantly  delineated, 
has  just  now  come  in  from  the  same  region  in  Virginia, — a  dis- 
covery by  Mr.  Shriver.  A,  emarginatum  would  have  been  per- 
fectly presented  if  the  green  were  brighter  and  lucid.  The  three 
species  of  Nbtholcena  make  an  admirable  plate.  a.  g. 

6.  AlgcB  Amer,  Bor,  Mcsiccatod ;  by  Farlow,  Anderson  Sd 
Eaton,  Fhsc.  III. — The  third  Fasciculus  of  this  distribution  of 
North  American  AlgsB  has  just  been  issued.  It  consists  of  only 
thirty  specimens,  covering  twenty-nine  species  and  one  variety. 
But  as  most  of  the  species  are  large  plants,  the  paper  used  is  of  the 
folio  size  of  most  American  herbariums.  Twenty  of  the  Algsd 
are  of  the  black  or  olive-green  series,  and  the  other  nine  are 
FloridesB.  Among  the  rarer  kinds  are  Sargas^tfm  pterpleuron^ 
from  Florida,  Postelsia  palmce/ormis,  Pterygophora  (Jalifomica^ 
Dictyoneuron  and  Nereocystis^  from  the  Pacific  Coast,  and  Sacco- 
rhiza  dermcUodea^  from  the  coast  of  Maine.  The  FloridesB  embrace 
several  of  the  large  Gigartinas  of  the  Pacific  shore,  and  three  or 
four  of  those  very  puzzling  forms  of  CattophyUis^  which  have  so 
long  been  an  unsolved  riddle  to  the  students  of  this  class  of 
plants.  Dr.  Farlow,  who  has  done  nearly  all  the  work  of  identi- 
fication, still  hesitates  to  acknowledge  the  presence  of  the  Euro- 
pean CaUophyUis  laciniata  on  the  coast  ot  California ;  but  then 
ne  has  named  two  new  species  of  the  genus,  No.  127,  C.  /areata, 
and  No.  129,  C,  gracUarioides, 

This  is  a  very  important  publication,  on  account  of  the  care, 
labor,  expense,  and  critical  investigation  which  are  bestowed 
upon  it,  not  to  speak  of  the  beauty  and  perfection  of  the  speci- 
mens; and  the  associated  authors  should  receive  the  best  thanks 
of  botanists.  a.  q. 

6.  On  the  Black  Mildew  of  Walls. — Professor  Leidy  remarked 
that  in  the  number  of  "  Hardwicke's  Science  Gossip  "  for  August, 
presented  this  evening,  there  is  an  article  by  Professor  Paley  en- 
titled, "Is  the  Blackness  on  St.  Paul's  merely  the  effect  of 
Smoke  ?''  According  to  the  author,  the  blackness  is  mainly  due 
to  the  growth  of  a  hitherto  undescribed  lichen,  which  appears  to 
flourish  on  limestone  and  in  situations  unaffected  by  the  direct 
rays  of  the  sun.  Professor  Leidy  continued,  that  his  attention 
had  been  called  a  number  of  years  ago  to  a  similar  black  appear- 
ance on  the  brick  walls  and  granite  work  of  houses  in  narrow 
shaded  streets,  especially  in  the  vicinity  of  the  Delaware  River. 
Noticing  a  similar  blackness  on  the  bricks  above  the  windows  of 
a  brewery,  from  which  there  was  a  constant  escape  of  watery 
vapor,  in  a  more  central  portion  of  the  city,  he  was  led  to  suspect 
that  it  was  of  a  vegetable  nature.     On  examination,  the  black 
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mildew  proved  to  be  an  alga,  closely  allied  to  what  he  sapposed 
to  be  the  I^otococcua  viridis^  which  gives  the  bright  green  color 
to  the  trunks  of  trees,  fences,  and  walls,  mostly  on  the  more 
shaded  and  northern  side,  everywhere  in  our  vicinity.  It  probably 
may  be  the  same  plant  in  a  different  state,  but,  until  proved  to  be 
80,  may  be  distinguished  by  the  name  of  Protococcus  lugtibris.  It 
consistH  of  minute  round  or  oval  cells,  from  0*006  to  O'OOQ*"  in 
diameter,  isolated  or  in  pairs  or  in  groups  of  four,  the  result  of 
division;  or  it  occurs  in  short  irregular  chains  of  four  or  more 
cells  up  to  a  dozen,  occasionally  with  a  lateral  offset  of  two  or 
more  cells.  The  cells  by  transmitted  light  appear  of  a  brownish 
or  olive-brownish  hue.  In  mass  to  the  naked  eye  the  alga  appears 
as  an  intensely  black  powder. — Proc.  Acad,  Nat,  Set.  Philad.^ 
Sept.  3,  1878. 

7.  Oil,  two  Bermuda  fishes^  mistakenly  described  as  new  /  by 
Dr.  A.  GtNTHER. — In  the  February  number  of  the  Annals  and 
Magazine  of  Natural  History,  pp.  150-161,  is  published  a  paper 
by  Dr.  A.  Gflnther,  F.R.S.,  "  On  two  new  Species  of  Fishes  from 
the  Bermudas."  The  species  which  he  names  Gerres  Jonesii^  was 
described  by  me  in  this  Journal,  vol.  vii,  August,  1874,  p.  123, 
under  the  name  Diapterus  Lefroyi  ;  that  called  by  him  Belone 
Jonesii,  was  also  described  by  me,  under  the  same  name,  and 
dedicated  to  the  same  worthy  naturalist,  in  this  Journal,  vol.  xiv, 
October,  1877,  p.  295.  The  descriptions  harmonize  in  all  essential 
details,  and  1  have  myself  seen  the  specimens  which  were  subse^ 
quently  presented  by  Mr.  Jones  to  the  British  Museum,  though 
my  own  descriptions  were  drawn  up  from  other  specimens  col- 
lected by  myself  at  nearly  the  same  time  and  locality. 

SmitlisouiaD  Institution,  Feb.  17,  1879.  G.  BROW>^E  GOODE. 

8.  Alaska  Chitonn  atid  Limpets. — A  paper  on  this  subject,  by 
AV.  n.  Dall,  giving  a  synopsis  of  the  genera  and  notes  on  the 
various  species  with  their  synonymy,  makes  a  number  of  the 
Bulletin  of  the  U.  S.  National  Museum.  It  is  illustrated  by  four 
plates,  and  some  wood-cuts,  representing  the  dentition  of  many  of 
the  species.  The  Bulletin  is  not  yet  separated  into  volumes,  and 
this  paper  is  No.  4  of  i\Ir.  Dall's  *'  Scientific  Results  of  the  Explo- 
ration of  Alaska,"  the  first  two  numbers  being  in  Proc.  Philad. 
Acad.,  1876. 

IV.   Miscellaneous  Scientific  Intelligence. 

1.  Oji  the  discovery  of  mineral  wax^  Ozocerite^  in  Utah;  by 
Professor  J.  S.  Newbkruy.  (From  a  letter  to  the  Editors.) — I 
have  obtained  some  of  the  recently  discovered  ozocerite  in  Salt 
Lake  City  from  Professor  J.  E.  Clayton,  to  whom  also  I  am 
chiefly  indebted  for  such  information  as  I  have  in  regard  to  its 
place  and  manner  of  occurrence.  He  writes  me  as  follows:  "The 
geographical  position  of  the  ozocerite  deposits  is  in  the  Wahsatch 
Range,  on  the  head  waters  of  the  Spanish  Fork,  east  from  ibe 
south  end  of  Utah  Lake.     The  material  has  been  found  saturating 
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beds  of  brown  and  bluish  shales,  probably  of  Tertiary  age,  and  in 
masses  of  various  dimensions  more  or  less  mingled  with  clay, 
rhese  shales  extend  from  the  San  Pete  valley  in  a  uorth-northeast 
direction  for  a  distance  of  fifty  or  sixty  miles,  and  the  width  of 
the  area  or  basin  which  they  occupy  is  at  the  middle  point  about 
twenty  miles.  The  shale  beds  richest  in  parafline  vary  in  thick- 
De88  from  twenty  to  sixty  feet,  but  there  is  no  considerable  accu- 
mulation of  that  substance  on  the  surface,  nor  would  this  be 
possible,  as  it  would  be  destroyed  by  the  annual  fires  which 
sweep  the  country.  I  examined  portions  of  this  region  two  years 
ago  for  coal,  and  found  in  the  oil  shales  a  few  thin  seams,  and 
»aw  the  wax-like  exudation  in  several  places,  but  only  in  small 
quantity." 

Other  parties  in  Salt  Lake  informed  me  that  the  paraffine  itself 
is  sometimes  twenty  feet  thick,  and  that  the  quantity  is  enormous ; 
but  Prufessor  Clayton  says  that  such  statements  are  not  authorized 
by  any  facts  which  have  come  under  his  observation. 

In  the  above  remarks  I  have  called  the  earth  wax  of  Utah 
ozocerite.  As  it  has  been  stated  to  be  zietrisikite,  I  may  say  that 
on  my  return  from  the  west,  my  son  and  assistant,  Spencer  B. 
Newberry,  made  a  series  of  careful  experiments  in  my  laboratory 
to  determine  its  true  nature,  comparing  it  with  the  description 
of  these  hydrocarbons,  and  with  authentic  specimens  which  I 
have  received  directly  from  Galicia.  He  found  that  it  had  a 
melting  point  of  61*5°  C,  that  it  was  completely  soluble  in  a 
large  volume  of  boiling  ether,  and  that  boiling  alcohol  extracted 
from  it  twenty  per  cent  of  a  white,  wax-like  substance.  It  seems, 
therefore,  to  be  certainly  ozocerite  and  not  zietrisikite ;  the  latter 
melting  at  90^  C,  and  being  insoluble  in  ether. 

2.  Ine  American  Antiquarian  :  A  Quarterly  Journal  devoted 
to  early  American  History,  Ethnology  and  Archaeology,  edited 
by  Rev.  Stephen  D.  Peet.  Cleveland,  Ohio.  (Brooks,  Schinkel  & 
do.). — The  third  number  of  this  new  Journal  was  published  in 
January,  1879;  among  other  papers  it  contains  one  on  native 
American  Architecture,  by  K.  A.  Barber,  which  is  illustrated  by 
several  figures  of  Colorado  Cliff*  houses.  The  Journal  is  well 
edited  and  promises  to  be  of  value  to  all  interested  in  Archaeology. 

3.  Wanaeringa    in    South  America^    the    Northwest    of  the 
United  JStates  and  the  Antilles,  in  theyears  1812, 1816, 1820, 1824 ; 

by  Charles  Waterton,  Esq.  New  edition,  edited  with  bio- 
graiphical  introduction  and  explanatory  index,  by  the  Rev.  B.  G. 
Wood.  520  pp.  8vo.  London,  1879.  (Macraillan  &  Co.).— The 
volume  of  '*  Waterton's  Wanderings"  was  first  published  in  1825, 
and  since  that  time  it  has  afforded  pleasure  and  profit  to  a  large 
number  of  readers.  In  the  present  edition  the  original  account  is 
left  unaltered,  but  to  this  are  added  a  full  and  appreciative  biog- 
raphy of  the  author,  by  the  Rev.  B.  G.  Wood,  and  a  valuable 
Explanatory  Index,  covering  150  pages,  in  which  information  is 
given  in  regard  to  the  many  unusual  animals,  birds  and  trees, 
mentioned  lu  the  body  of  the  work. 
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4.  A  Real  Telegraph, — A  new  invention  of  a  really  practical 
character,  not  a  mere  ^^  paalo  post  faturum'^  invention  like  many 
we  have  heard  of  lately,  has  just  been  made  by  Mr.  £1  A.  Cowper, 
the  well-known  mechanical  engineer.  It  is  a  real  telegraphic 
writing  machine.  The  writer  in  London  moves  his  pen,  and 
simultaneoasly  at  Brighton  another  pen  is  moved,  as  though  by 
a  phantom  hand,  in  precisely  similar  curves  and  motions.  The 
writer  writes  in  London,  the  ink  marks  in  Brighton.  We  hare 
seen  this  instrument  at  work,  and  its  marvels  are  quite  as  startling 
as  those  of  the  telephone.  The  pen  at  the  receiving  end  has  aU 
the  appearance  of  being  guided  by  a  spirit  hand.  The  apparatus 
is  shortly  to  be  made  public  before  the  ISociety  of  Telegraph 
Engineers. — Nature^  Feb.  6. 

5.  2'he  chemical  composition  and  physical  properties  of  Sted 
Rails,— Dr,  C.  B.  Dudlky,  Chemist  of  the  Pennsylvania  Railroad 
Company,  has  made  an  extended  investigation  of  the  relation 
between  the  chemical  composition  of  steel  rails  and  their. power 
to  withstand  wear,  and  in  view  of  the  great  practical  importance 
of  the  subject  his  results  cannot  fail  to  have  a  high  value.  Some 
of  his  conclusions  are : — ^that  high  phosphorus  is  inconsistent  with 
safety ;  that  the  silicon  should  be  as  low  as  is  consistent  with  the 
successful  working  of  the  Bessemer  process ;  that  the  best  range  of 
carbon  is  0*25  to  0*35  per  cent,  and  of  manganese  from  0-30  to 
0*40  per  cent.  He  also  concludes  that  the  wearing  power  of  steel 
rails  does  necessarily  increase  with  their  greater  hardness. — (IVans, 
lust.  Min,  JBJngineerSy  vol.  vii.) 

6.  The  Mtteorologisty  published  monthly  in  the  interest  of  the 
Science  ot  Meteorology.  Vol.  i,  Mo.  1,  March,  1879,  J.  M.  L 
Stump,  editor,  Greensburg,  Pa.  An  eight-page  journal  devoted 
to  meteorology. 

7.  2Vie  Paleontologist  No.  3,  Jan.  16,  1879,  Cincinnati  Con- 
tains description  of  new  species  of  fossils  from  the  Lower  and 
Upper  Silurian  rocks  of  Ohio,  by  U.  P.  James. 

OBITUARY. 

Professor  Gustav  Leonhard,  of  Heidelberg,  died  December  27, 
1878.  lie  was  well  known  as  the  author  of  works  on  Mineralogy 
and  Geognosy,  and  as  editor  with  Professer  H.  B.  Geinitz,  of  ^e 
Meues  Jabrbuch  ftir  Miueralogie,  Geologic  und  Paleontologie. 

On  the  extent  and  significanoe  of  the  Wisconsin  Kettle  Moraine,  by  T.  G.  Oiam- 
berlaiu,  A.M.,  State  Geologist  and  Professor  of  Geology  in  Beloit  College  (Tniu. 
Wisa  Academy  of  Sciences.) 

On  the  Annelida  Chaitopoda  of  the  Virginian  Coast,  by  H.  E.  Webster  (Traiuac- 
tions  of  the  Albany  Institute,  vol.  ix,  January,  1879.) 

Apuntos  relatives  a  los  Huracanes  de  las  Antillas  en  Septiembre  y  Octubre  de 
1875  y  1876 ;  Discurso  leido  en  la  real  Academia  de  Ciencias  Medicas,  Fisicaa  j 
Naturales  de  la  Uabana  en  Sesion  del  9  de  Septiembre  de  1877  y  siguientea;  par 
el  socio  de  merito  Kdo,  P.  Benito  Viftes,  S.  J.,  Director  del  Observatorio.  i^i 
pp.  8vo.     Havana,  1878. 

The  Local  Geology  of  Davenport,  Iowa;  by  Rev.  W.  H.  Barris  (Davenport 
Academy  Natural  Sciences,  Sept,  1876).  New  Fossils  from  the  Comiferous  For- 
mation at  Davenport  (ibid.,  Oct.,  1878). 
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Abt.  LTTI. — The  Forests  of  Central  Nevada^  with  some  remarks 
on  those  of  the  adjacent  regions;  by  Chables  S.  Sargent. 

To  the  traveler  crossing  the  Great  Basin  by  the  line  of  the 
Pacific  Railroad  the  country  will  appear  almost  as  destitute  of 
trees  as  the  great  plateau  over  which  he  has  passed  in  approach- 
ing the  Rocky  Mountains  from  the  east.  This  first  impres- 
sion will  disappear,  however,  should  he  penetrate  farther  south, 
and  ascend  some  of  the  low  mountain  ranges,  which,  with  a 
general  north -and-south  trend,  everywhere  cut  up  this  elevated 
interior  region  into  long,  narrow  valleys.  As  compared  with 
our  Atlantic  forests,  or  those  still  nobler  ones  which,  farther 
to  the  west,  owe  their  existence  to  the  influence  of  the  Pacific, 
the  forests  which  clothe,  with  a  scanty  and  stunted  vegetation, 
the  mountain  slopes  of  Nevada  are  miserably  poor  in  extent, 
productiveness,  and  especially  in  the  number  of  species  of 
which  they  are  composed.  Actually  they  are  of  immense 
value.  For  scanty  as  they  are,  they  regulate  and  protect  the 
rare  and  uncertain  streams  on  which  the  agriculture  of 
Nevada  depends,  and  furnish  a  large  population  with  fuel 
and  lumber;  a  population,  too,  which,  while  consuming  and 
wasting  enormouslv  its  forests  in  vast  mining  operations,  is 
practically  cut  oflf,  by  its  isolation  and  the  cost  of  transporta- 
tion, from  outside  supply. 

A  hurried  journey  made  in  Septeraper  last,  undertaken  for 
the  purpose  oi  studying  in  situ  the  trees  of  the  *'  Great  Basin," 
and  of  introducing  into  cultivation  some  of  the  peculiar  plants 
of  that  region,  took  me  to  the  great  mining  center  of  Eureka, 
and  then  through  Dry  and  Fish-spring  valleys  seventy-five 
miles  further  southwest  into  the  Monitor  Range,  to  the  point 
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where  its  highest  peak,  "  Table  MoantaiD,"  reaches  an  eleva- 
tion of  11,200  feet,  and  offered  an  excellent  opportunity  to 
examine  the  timber  supply  of  that  central  portion  of  Nevada. 

The  forests  of  this  portion  of  the  State  are  composed  of  but 
seven  species.  Of  these,  two,  the  Red  Cedar  {Juniperus  Vir- 
giniana  L.)  and  the  Aspen  {Populus  tremuloides  Michx.) 
extend  across  the  Continent;  two,  Pinus  BalfouTiana  Murr. 
and  Pinus  Jlexilxs  James,  extend  along  the  mountain  ranges 
from  the  Rocky  Mts.  of  Colorado  to  Mt.  Shasta  in  California; 
two,  Pinus  monophylla  Torr.  and  Juniperus  Califomica  Car- 
rifere,  var.  UUihensis  Engelm.  are  endemic  to  the  "  Great  Basin ;" 
while  Cercocarpus  Led^olius  Nutt,  although  occurring  as  a 
shrub  both  in  the  Rocky  Mts.  and  in  California,  only  here 
becomes  a  valuable  tree. 

Neither  the  Red  Cedar  nor  the  Aspen  needs  be  considered 
here.  A  single  small  plant  of  the  former  was  noticed ;  and  it 
is  evidently  so  rare  throughout  this  region  ihat  it  adds  but 
little  to  the  value  of  its  forests.  The  Aspen  borders  all  ibe 
mountain  streams  above  8,000  feet  elevation,  but,  rarely  sur- 
passing fifteen  feet  in  height  and  a  few  inches  in  diameter,  is 
practically  without  value  for  its  products.  Further  east  in  the 
Wahsatch  Mts.  this  species  is  sometimes  seen  with  stems  two 
feet  through ;  and  it  is  largely  used  by  the  Mormons,  who 
consider  it  valuable  for  flooring,  turnery,  etc 

Juniperus  Calffomicay  var.  Utahensis^  \a  the  most  common, 
and  the  most  widely  distributed  of  the  trees  of  this  region. 
It  is  found  at  lower  elevations  than  any  other  tree,  and  alone 
descends  into  the  valleys,  where,  at  an  elevation  of  5,000  feet, 
it  is  often  abundant,  but  less  so  than  on  the  mountain  sides, 
over  which  it  spreads  up  to  8,000  feet  elevation.  It  is  a  low, 
bushy  tree,  branching  Irom  the  ground,  with  a  stout  trunk 
which  rarely  exceeds  two  feet  in  diameter;  short  and  verv 
stout  branchlets,  and  thick  shreddy  bark.  The  wood,  which 
is  moderately  hard,  i)ale  colored,  and  slightly  aromatic,  fur- 
nishes the  common  and  cheapest  fuel  both  for  domestic  use  and 
for  generating  steam  on  the  railroads  and  at  the  mines.  The 
typical  Juniperus  Califomica  belongs  to  the  California  Coast 
Range,  and  the  variety  extends  over  the  whole  of  the  southern 
portion  of  the  "Great  Basin."  In  fruit  this  species  will  be 
readily  distinguished  by  its  dry  one-seeded  berry,  the  great 
thickness  of  the  stony  coating  of  the  seeds;  and  from  all  other 
Junipers  (as  pointed  out  by  Dr.  Engelmann)  by  its  -l-O-coty- 
ledonous  embryo.  Without  fruit  it  may  be  easily  confounded 
with  Juniperus  occidenialis  Hook.,  whicn  species,  however,  has 
not  been  detected  in  Central  Nevada.  Like  all  the  trees  of  the 
"Great  Basin  "  this  Juniper  is  of  exceedingly  slow  growth.  A 
specimen  before  me  four  and  one-half  inches  in  diameter  shows 
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one  hundred  and  five  annual  layers  of  growth,  or  an  annual 
average  increase  of  nearly  j',  of  an  inch. 

Growing  with  this  Juniper,  above  6,000  feet  elevation,  and 
extending  rather  higher  up  the  mountains,  is  PiniLs  monopkylla 
Torr.,  the  "  Nut  Pine  "  of  Nevada  and  eastern  California ;  but 
not  to  be  confounded  with  an  allied  species,  also  bearing  eiiible 
seeds,  Pintis  edulis  Engelm.,  found  from  Colorado  to  New  Mex- 
ico and  Arizona.  Pinus  monophylla  is  a  small  tree,  ten  to  twenty 
feet  high,  with  reddish  scaly  bark,  and  is  easily  distinguished 
from  other  North  American  Pines  by  its  solitary^  glaucous, 
terete  leaves  (very  rarely  in  pairs,  and  then  semi-cylindrical). 
The  wood  is  white,  soft,  light,  and  very  resinous;  it  is  more 
highly  prized  for  making  charcoal  than  that  of  any  tree  of 
this  region.  In  slowness  of  growth  Pinv^  monophylla  does  not 
essentially  diflfer  from  the  Juniper  with  which  it  is  associated  ; 
a  specimen  that  I  have  examined,  from  the  locality  which  fur- 
nished the  specimen  of  Juniper  referred  to  above,  is  five  and 
one-half  inches  in  diameter  and  shows  one  hundred  and  thirteen 
annual  layers  of  growth.  The  immense  crops  of  large  and  deli- 
cately flavored  seeds  produced  by  this  tree  supply,  as  is  well 
known,  to  the  Indian  tribes  of  the  Great  Basin  their  most  impor- 
tant article  of  food.  The  value  of  this  crop,  and  the  excellent 
quality  of  the  wood  for  charcoal,  make  this  tree,  in  a  mining 
region  entirely  destitute  of  coal,  its  most  valuable  vegetable 
production.  The  introduction  of  Pinus  monophylla  into  the 
South  of  Europe  as  a  subject  for  forest  planting  is  worthy  of 
consideration;  it  might  flourish  there  on  those  dry  and 
exposed  hill  sides  which  have  been  found  so  difiicult  to  satis- 
factorily recover  with  any  European  trea  Its  strictly  pyram- 
idal habit  while  young — a  habit  which  it  entirely  loses  with 
age — and  the  pleasing  glaucous  tints  of  its  foliage  commend 
this  species  to  the  lovers  of  ornamental  conifers. 

Pimis  Balfouriana*  was  only  met  with  on  Prospect  Mountain, 
near  Eureka,  at  an  elevation  of  7,500  feet,  to  the  summit,  8,000 
feet  Formerly  the  whole  summit  of  this  mountain  was  very 
generally  covered  with  this  species,  but  with  few  exceptions 
the  trees  have  all  been  cut  to  supply  the  mines  with  timberinff, 
for  which  purpose  the  strong  ana  very  close-grained,  tough 
wood  of  this  species  is  preferred  to  that  of  any  other  Nevada 
trea  The  specimens  seen  were  fifteen  to  thirty  feet  high,  with 
trunks  often  two  feet  in  diameter,  pyramidal  in  outline,  their 
lower  branches  still  remaining;  so  that  at  a  little  distance  they 
might  readily  be  mistaken  for  spruces.  The  bark  like  the 
wood  is  reddish  in  color,  very  thick  and  deeply  furrowed  ;  that 

^  with  the  iDSufficieiit  material  at  ray  disposal  I  cannot  satisfactorily  separate 
Pimu  arigtata  Engelxnann,  from  Murray's  P.  Balfouriana^  the  older  name  and 
founded  on  California  specimens.  IHnus  ariskUa  is  an  alpine  plant  discovered 
by  Parry  many  years  later  in  the  Rocky  Mts.  of  Colorado. 
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of  the  branches  smooth  and  quite  white.  The  short,  falcate, 
appressed  leaves  persist  for  years,  forming  tufts  of  foliage  a  foot 
or  more  long  at  the  ends  oi  the  naked  branches ;  and  this  pe- 
culiarity has  suggested  to  the  lumbermen  of  the  region  the 
name  of  "  Fox  Tail  Pine  "  for  this  species.  Pinxts  Baf/ourtana, 
should  it  be  found  to  retain  in  cultivation  the  peculiarities 
which  characterize  it  on  the  mountains  of  Nevada,  will  be  one 
of  the  most  striking  and  interesting  of  the  genus  for  orna- 
mental planting. 

Pinus  flexilis,  the  Nevada  representative  of  the  Eastern  White 
and  the  California  Sugar  Pine,  is  the  largest  and  the  most  valu- 
able timber  tree  of  the  central  portion  of  the  "Great  Basin." 
I  found  large  tracts  of  it  on  the  Monitor  Range,  from  8,000  up 
to  10,000  feet  elevation ;  and  further  to  the  northeast  it  gives 
their  names  to  "White  Pine"  District,  "White  Pine"  Range, 
etc.  On  the  Monitor  Range  specimens  fifty  to  sixty  feet  hieb, 
and  from  two-feet  six  to  four  feet  in  diameter  were  not  infre- 
quent, the  trees  gradually  becoming  smaller  as  the  elevation 
increased,  until  at  10,000  feet  they  were  little  more  than  pros- 
trate bushes  a  foot  or  two  high.  The  fact  that  the  finest  speci- 
mens were  found  on  the  banks  of  the  mountain  streams,  associa- 
ted with  Populus  tremuloideSj  indicates  that  this  species  is  more 
dependant  on  moisture  than  the  other  Nevada  Conifers.  It  is 
the  only  tree  of  this  region  which  is  sawed  into  lumber.  The 
wood  is  soft,  white,  and,  although  not  free  from  knots,  is  of  fair 
quality,  and  about  intermediate  between  Eastern  white  pine 
and  sugar  pine. 

Cercocarpus  ledifolius^  with  Populus  tremuhideSj  the  only  non- 
coniferous  tree,  of  this  region,  here  attains  its  largest  size  and 
greatest  age.  It  is  common  at  6,000  to  8,000  feet  elevation, 
and  next  to  the  Juniper  and  the  Nut  Pine  is  the  most  common 
of  Central  Nevada  trees.  It  is  a  small  tree,  ten  to  thirty  feet 
high,  with  small  evergreen  leaves  and  brown  scaly  bark,  in 
habit  and  general  appearance  not  unlike  a  stunted  apple  tree^ 
The  wood  of  this  tree,  which  is  of  a  bright  mahogany  color 
and  susceptible  of  a  beautiful  polish,  is  exceedingly  hard, 
heavy  and  close-grained,  but  very  brittle,  and  so  liable  to  "heart 
shake"  and  difficult  to  work  as  to  be  useless  in  the  arts.  It  is, 
however,  sometimes  employed  for  the  bearings  of  machinery, 
where  it  is  found  to  wear  as  well  as  metal ;  but  it  is  as  fuel 
that  "  Mountain  Mahogany"  (the  name  by  which,  owing  to  the 
color  of  its  wood,  Cercocarpus  is  universally  known)  has  no 
North  American  equal.  We  are  in  the  habit  of  considering 
that  our  Eastern  Hickories  produce  the  best  fuel.  The  specific 
gravity  of  dry  hickory  is  but  '838,  while  that  of  Cercocarpus  is 
1*117,  so  that,  weight  being  the  best  test,  as  fuel  it  is  worth  30 
per  cent,  more  than  hickory.    The  amount  of  ash,  too,  left  after 
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barning  Cercocarpus  is  only  jVt  of  1  P^r  cent  of  the  dry  wood 
consumed,  while  that  of  hickory  is  yVi  of  I  per  cent,  three- 
tenths  per  cent  more.  Cercocarpus  is  probably  the  only  North 
American  wood  which  is  heavier  than  water;  and  among  the 
tropical  woods  employed  in  the  arts  and  described  by  Lastett, 
but  six  equal  or  surpass  it,  the  most  conspicuous  being  the 
West  Indian  Lignum  Vitse  {Ouaicum)  with  a  specific  gravity 
of  1'243.  As  was  to  be  expected,  the  growth  of  Cercocarpus 
was  found  to  be  exceedingly  slow.  An  examination  of  several 
specimens  from  one  to  two  hundred  years  old  shows  an  average 
annual  increase  of  wood  only  one-sixtieth  of  an  inch  in  thicK- 
ness.  The  largest  specimen  of  this  tree  was  seen  on  Prospect 
Mountain  near  Eureka,  in  New  York  Cafion,  at  an  elevation  of 
7,000  feet.  It  was  a  low,  much  branched  tree,  about  twenty  feet 
high  with  a  trunk  rising  six  feet  to  the  first  branches.  At  three 
feet  from  the  ground  it  had  a  girth  of  seven  feet  and  five  inches. 
If  we  suppose  that  its  average  growth  had  been  as  rapid  as 
that  of  the  younger  specimens  examined,  this  tree  would  have 
been  890  years  old.  It  was  probably  much  older.  The  rate  of 
growth  of  trees  is,  after  a  certain  age,  in  inverse  ratio  to  their 
age ;  and  it  is  perhaps  permissible  to  suppose  that  the  seed 
which  produced  this  little  tree  had  alreaay  germinated  when 
the  oldest  living  Sequoia  on  the  Continent  was  still  a  vigorous 
sacking  with  its  bi-centennial  anniversary  still  before  it 

Two  shrubby  plants  of  this  region  may  be  mentioned,  which, 
from  their  beauty,  are  especially  worthy  of  introduction  to  cul- 
tivation,— Cowania  Meocicana  Don.,  a  large  Rosaceous  shrub, 
nearly  allied  to  Cercocarpus,  with  elegant  pinnatifidly-lobed 
leaves  and  large  and  very  abundant  yellow  flowers;  and  a 
large  shrubby  Spircea^  S.  Millefolium  Torn,  with  the  foliage 
of  Chamasbatiay  but  a  larger  and  more  striking  plant,  and 
perhaps  the  most  elegant  of  the  genus. 

It  will  have  been  seen  that  the  forests  of  Nevada,  consisting 
of  a  few  species  adapted  to  struggle  with  adverse  conditions  of 
soil  and  climate,  are  of  immense  age,  and  that  the  dwarfed  and 
scattered  individuals  which  compose  them  reach  maturity  only 
after  centuries  of  exceedingly  slow  growth.  On  this  account, 
and  because,  if  once  destroyed,  the  want  of  moisture  will  for- 
ever prevent  their  restoration,  either  naturally  or  by  the  hand 
of  man,  public  attention  should  be  turned  to  the  importance  of 
preserving,  before  it  is  too  late,  some  portions  of  these  forests. 
Large  areas  of  forest-covered  mountain  ranges  are  still  held  by 
the  General  Government;  and  in  view  of  the  vast  importance 
of  their  remaining  wooded  to  serve  as  reservoirs  of  moisture, 
on  the  existence  of  which  the  future  of  this  region  must  de- 
pend, it  would  seem  wise  and  not  perhaps  altogether  impracti- 
cable, to  check,  or  at  least  to  regulate,  the  terrible  destruction  of 
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forest,  which  follows,  both  on  public  and  private  domain,  every 
new  discovery  of  the  precious  metals. 

A  comparison  of  the  arborescent  vegetation  of  Nevada  with 
that  of  the  region  lying  directly  east  and  west  of  the  "Great 
Basin  "  mav  be  interesting.  Such  a  comparison  will  serve  to 
more  clearly  demonstrate  the  remarkable  poverty  of  the  Ne- 
vada forests.  It  will  afford,  too,  another  illustration  of  the 
relation  of  moisture  to  forest  distribution,  especially  with  refer- 
ence to  the  multiplication  of  species,  which  will  be  found  to 
increase  or  diminish  as  the  rain-fall  is  more  or  less  abundant 
and  more  or  less  equally  distributed. 

In  the  territory  between  the  41st  and  87th  parallels  of  lati- 
tude, and  extending  from  the  eastern  base  of  the  Rocky  Mt& 
to  the  foot  of  the  western  slope  of  the  Sierra  Nevada  are  three 
distinct  belts  of  arborescent  vegetation.*  Beginning  at  the  east 
there  is :  1.  The  Bocky  Mountain  R^ion  including,  besides  the 
main  range,  the  Uinta  and  the  Wahsatch,  and  embracing  Colo- 
rado and  the  eastern  half  of  Utah ;  2.  The  Nevada  Region,  ex- 
tending iwm  the  western  base  of  the  Wahsatch,  to  the  eastern 
base  of  the  Sierra  Nevada,  and  embracing  the  western  half  of 
Utah  and  the  whole  of  Nevada  with  the  exception  of  the  ex- 
treme northern  and  southern  portions  of  the  State ;  3.  The  Sierra 
Nevada  Region. 

In  the  Rocky  Mountain  Region,  to  which  in  spite  of  its  mid- 
continental  position  considerable  moisture  is  attracted  by  the 
high  peaks  which  everywhere  dominate  it,  there  are  twenty-five 
trees  and  forty-eight  shrubs,  in  all  seventy-three  species.  In 
the  Nevada  Region,  where,  owing  to  its  isolated  position  be- 
tween high  mountain  ranges,  the  rain-fall  is  small  and  very  un- 
equally distributed,  the  number  of  species  is  reduced  nearly 
one-half, — to  thirty-eight;  ten  trees  and  twenty-eight  shrubs. 
In  the  Sierra  Nevada  Region,  to  which  the  Pacific  contributes 
a  large  although  unequally  distributed,  snow  and  rain  fall,  the 
number  of  species  is  increased  to  eighty-nine;  of  these  thirty- 
five  are  trees,f  or  three  and  a  half  times  more  than  occur 
in  the  adjoining  Nevada  Region,  and  a  third  more  than  are 
found  in  the  Rocky  Mountain  Region  ;  and  fifty-four  are  shrubs, 
or  double  the  number  of  the  Nevada  Region. 

The  following  table  shows  the  arborescent  J  and  frutescent 
species,  so  far  as  they  are  now  known,  which  occur  in  these  three 
Regions. 

*  For  the  purpose  of  the  present  comparison  not  only  trees  but  all  fmtesceDt 
plants  which  may  be  expected  to  exceed  four  feet  in  height,  and  therefore  as  un- 
dergrowth to  form  an  important  element  in  the  forest,  will  be  included. 

f  Pinus  monophylla  Torr.,  although  it  has  found  a  foothold  on  the  eastern 
flank  of  the  Sierra  Nevadas,  is  not  included  among  the  trees  of  this  region.  This 
species,  as  well  as  Artemesia  trideniata,  are  so  peculiar  to  the  Nevada  Region  that 
they  cannot  be  properly  considered  a  part  of  the  Flora  of  the  Sierra  Nevada. 

X  Species  which  become  large  enough  to  be  of  economic  value  as  timber  trees, 
are  designated  by  a  *. 
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Tlie  Boeky  Mt.  B^^on. 


Berheria  FendUri, 


Pielea  cmffusHfoHa, 
iZAomniM  Cai^omica. 


Acer  grandidefUatvm.* 
Acerglairum, 
Neffundo  acercHdes. 
JShua  glabra, 

[hata, 
Rhwt  aromaticaj  yar.  trUO' 
JSobinia  Neo-Mexicana, 

Prunua  I^n»ylvanica. 
Pruntu  VhrginianOn 
Pruntu  demina,         {mota. 
Spiraa   diaeolarj   yar.   du- 

JfeiBia  Ofndifolia, 
.Rubua  delieionu. 
PuT9hia  MdetUata, 
CoUoffjfne  ramotaisima, 
Cercocarpus  oarvtfolint, 
Cercocaijnu  tedifoliua.* 
Cercocarpus  ifUrieaius. 
Cowania  Mexieana, 

Hoaa  blanda. 
Bom  blandoj  yar. 

JPjprug  acmilmcifolici. 
CnraUBgturUnuarUf 
OrataffU8  eoceinea. 
Ameianehier  alnifolia, 
I^raphyUum  nunosingimtoTL 
FhUaddphua  microphyUus. 
Fendlera  rupicola, 

I^hea  ctrewn, 

IHbe»aurewn, 

JSibea  leptanthum. 

JHbet  braeieomm^      \guum. 

BSbea  dwaricatumf  yar.  irri- 


Oofntupubeacena. 


Satnlmcua  glauca. 
Saml>ucua  raeemoaa, 
Lonieera  irwolucraia. 

ArUmUia  trideniaia. 


The  Neyada  Beglon. 


Berberia  Frenumtii. 


Fbreaiiera  Neo-Medeana, 


Acer  glabrunu 


\paia, 
Mhtta  aromaticaj  yar.  trUo- 


Pruntia  Anderaonii, 
PruHtia  demiaaa,         [moaa, 
"  ircaa    discolor,   yar.    dw- 
rcea  MUtfolivm, 


Purahia  tridentata. 


Cercocarpua  2et2{/M<iM.* 

Cowania  Maxicana, 

[tramontcma. 
Boaa  Califom\cay  yar.  ul- 
JSota  &2anaa,  yar. 


Amdcmehier  alnifoiia. 


JRibeacereum. 
Ribea  aureum. 


Comua  pubescena, 

Sambucua  glauca. 
Lonieera  involucrata, 
Artemiaia  tridentata. 


Fraximua  anonuda. 


The  Sierra  NeTMlA  Beglon. 


Calycanthua  occidentalia. 
Premontia  Califomica, 

Bhamnua  Califomica. 
Bhamnua  ain^folia, 
Rhamnua  crocea, 
Ceanothua  cordidatua, 
Ceanothua  int^errimtta, 
jBaeuiua  Califomica. 
Acer  macrophyUum  * 
Acer  glabrum. 


Phtu  diveraHoba.         \bata. 
Phua  aromatica,  yar.  triUh 

Cercia  ocddefdalia. 
Prunua  aubcordaia. 
Prunua  emarginata. 
Prunua  demiaaa. 
Spircea  diaeohr^yar.dumo&a. 

NeiUia^ifolia. 
Pubua  JVutfumua. 


Cercocarpua  parvifoliua.^ 
Cercocarpua  ledifciiua. 


Adenoatomafaaciculaium, 
Poaa  Cal{fomica. 

Eeteromelea  arbuttfolia, 
JP^rua  aambucifolia. 
Cr^Uagua  rivtuaria. 

Amdanchier  alnifoiia. 

FhHaddphua  Leutiaii. 

Carpenteria  CaHfomica. 
Pibea  cereum. 
JHbea  aureum. 
Pibea  Iqptanihum. 
Pibea  Jaenxieaii. 
Pibea  oxyacanthoidea. 
Pibea  aanguineumf  yar.  tfOr 

[riegtUum. 
Comua  pubescena. 
Comua  aeaailia. 
Comua  Nuttallii. 
Oarrya  Fremontii. 
Sambucua  glauca. 
Oambucua  racemoaa. 
Lonieera  involucrata, 
Cephalanthua  occidentalia. 

LeucothcB  DavisUje. 
Arctoataphylos  pungena,vair, 
[plaiyphylla. 
Phododendron  occidentale. 
Styrax  Califomica. 
Fraxinua  dipetala. 
Fraxinua  Oregona.* 
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TteBotikyMtBuliMi. 


Shephtrdia  OtmadmaU. 
ShtphtrdSa  €trfftHtm, 


CUiU  oeeUkHkOU.      [mUa. 


OoTfhu  rodraUL 

Ahnaimcama. 
AJnuipMdU. 

[MfUiHXHW.* 

Jintu  eorUorta,*  [folia.* 
FInus  coniorta^  yar.  laU' 
Fintu  ponderoM,* 

Flntu  ecUdia.* 
JPhituJUxUU,* 
PkiuB  Balfourlana,* 


JKeea  JBngdtnannL* 
FIcea  punffou  (Abiet  Men- 

zietU  of  the  Colorado 

Flora).* 
AhieM  tubaloina,* 
Abies  e<mcolor,* 


Btmdottuffa  DouffUuH,* 


Junipertu  occidetUaiitfyBX,* 
Junipenu  Virffiniana,* 


Sh/tphtrMa  BnnUstu 
Shtphtrdianfttmd^fifaa. 

Sarcobaiui  mrmieuliaim, 
AMJ^co^trtUtiHa. 


SaUxcordaim, 
l^iptdtu  irmrndoidm,* 
Itpidm  mkputydiia.* 
l\iptdw  triekoeirpa,* 

^hedra  tryStrea, 


Finns  moncpfufUa,* 
Finns  flexilis,* 
Finns  Balfouriana,* 


Ficea  Sngeitnanni,* 


Wiahensis* 
Jnnipems  Cal^omica^  var. 
•/un^MTiM  Virginiana,* 


UMsBmia     (OrmOtahu) 
CU(fbmlML* 


lobata*        MM. 
MS  kbata,  var.  hnU- 
IkmgkulL* 
vm»  ekrifmdmU.* 


Ooryims  roifrate,  far.  €Ui- 

SaUx^sptcHm. 
Ai^  spodca. 
/^ymliw  lyvmaiioidM,* 
A9Mi2w.n«ii0ii<il.* 
HJMibif  frfeAoear]M.* 

Finns  eantoricL* 

Finns panderoaau*  [J^rtgi.* 
Finns  ponderom^  yar.  Jtf- 

PinnsJUxQis.* 
Finns  jBalfimriatta,* 
Fifins  Sabiniana,* 
Fin-ns  tnberenlata.* 
Finns  montieola,* 
Finns  Lambertiana,* 


Abies  coneohr,* 
Abies  magn^fica,* 
Abi£snobaU^^   [Uamsimiy^ 
Tsuga  Hookeri  {Abies  ml- 


us  demrrens,* 
Taxns  brev{folia* 
Torreya  Califbmica.* 
Junipems  oeeidentaiis,* 


78  species. 
47ffeneia. 
10  umber  trees. 
6  small  trees. 
48ahnibt. 


88  species. 
26  genera. 
10  umber  trees. 
dSshrabs. 


89  sxwcies. 
51  eenera. 
Slumber  trees. 
4amalltrees. 
Mshraba. 


C  S.  Sargentn-The  Foresls  of  Central  Nevada,         425 

The  following  species,  fourteen  in  number,  are  common  to 
;he  three  Regions: 

Acer  glabrwn.  Ribes  aureum. 

Rhus  aromaiica,  var.  Chmw  pubesceru, 

Ftunus  demissa.  Sambucus  glantea. 

Spiraaa  discolor,  var.  Lonicera  invohicraia, 

Oercocarpua  ledi/oUus.  PoptUna  tremuloides. 

Amelanchier  alni/olia.  Pinus  fleonlis. 

Ribea  cereum.  Pmua  BalfouHana, 

The  following  species,  twelve  in  number,  are,  in  addition  to 
those  named  above,  common  to  the  Eocky  Mt  and  Sierra  Ne- 
vada Regions  : 

Bhamnua  ChU/omica,  Alnw  incana. 

NeiVia  opuHJolia.  Pinus  eontorta, 

Cercocarpua  parvifoUuB.  Pinus  ponderoaa. 

Pyrua  aambucifoliCL.  Ahiea  concolor. 

Rihea  lepiarUhum.  Paeudotattga  DougUuii, 

Sambucua  roMmoaa,  Juniperua  ocddenkUia, 

All  the  species  of  the  Nevada  Region  extend  into  the  Rocky 
Mt.  Region  with  the  exception  of  the  following  ten  species: 


Berberia  FremonHu  Shepherdia  roinrndifoiui. 

Prunua  Anderaonii.  Spiroatachya  occiderU'ilia, 

Spircea  MtUafoliaia,  PoptUtu  tricJiocarpck. 

Rosa  Cali/omica^  yar.  Pinna  monophyUa. 

DrasDinua  anomaia.  Juniperua  CkU^fomieaj  var. 

Populus  trichocarpa  is  the  only  species  (with  possibly  the  two 
willows)  of  the  Nevada  Region,  which,  in  addition  to  the  four- 
teen species  common  to  the  three  Regions,  extends  into,  the 
Sierra  Nevada.  So  that  fifteen  species  of  the  Nevada  Region 
reach  the  Sierra  Nevada  Region,  while  twenty-eight  species  ex- 
tend into  the  Rocky  Mountain  Region,  leaving  but  ten  species 
peculiar  to  the  Nevada  Region.  Of  these  Fraxinus  anomaia 
and  Shepherdia  rotundifolia  are  endemic ;  the  other  eight  spe- 
cies extending  south  into  Arizona. 

The  followmg  genera  common  to  the  Sierra  Nevada  and  At- 
lantic Forests,  nave  no  representatives  in  the  mid-continental 
Flora : 


CalycanOiua. 

Leucoihoe. 

Tsuga. 

JBsculua. 

Rhododendron, 

Ibrreya. 

Cereia. 

Styrctx. 

OepJialarUhua, 

Myrica, 

The  following  genera  of  the  Sierra  Nevada  Region  have  no 
Eastern  representatives: 

lyemoniia,  Garrya.  Ccutanopais. 

Adenoatoma,  Eriodictyon.  Sequoia, 

Meteromelea.  Umbellaria.  Libocedrua, 
CarperUeria. 

The  absence  of  arborescent  and  frutescent  Leguminosa^  from 
the  three  Regions,  where  herbaceous  genera  of  this  order  are 
so  largely  represented,  is  remarkable,  especially  as  they  abound 
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farther  south  in  New  Mexico  and  Arizona.  In  the  Rocky  Mt 
Eegion  there  is  a  single  representative  of  this  order,  a  Robinia 
nearly  allied  to  those  of  the  Eastern  States ;  in  the  Nevada 
Begion  there  is  not  a  single  frutescent  Leguminosa^  and  in  the 
Sierra  Nevada  but  one  species,  a  large  shrubby  Cercis.  On  the 
contrary  the  number  of  genera  of  frutescent  liasaceoe^  many  of 
them  endemic  and  monotypic,  is  very  large  in  proportion  to 
other  Angiospermoe,  In  the  Rocky  Mt  Region  there  are  thir- 
teen genera  with  nineteen  species;  in  the  Nevada  Region 
seven  genera  with  ten  species ;  in  the  Sierra  Nevada  R^on 
eleven  genera  with  thirteen  species;  in  all,  fourteen  genera 
with  twenty-eight  species.  In  all  the  United  States  east  of 
the  Mississippi  River  there  are  but  ten  woody  Rosaceous  genera, 
all  represented  in  our  three  Regions  with  the  exception  of  the 
Southern  Chrysobalanus  and  Neviusia. 

The  comparison  of  these  three  Regions  with  reference  to  the 
distribution  of  the  oaks  will  show  how  dependent  these  are  on 
moisture.  Oaks  abound  in  both  the  Atlantic  and  Pacific  for- 
ests, while  in  the  Rocky  Mt  Region  there  is  but  a  single,  ex- 
ceedingly polymorphous  species,  which  does  not  reach  the  Ne- 
vada Region,  where  no  oalc  is  known  ;  nor  bas  this  genus,  so 
far  as  I  know,  any  foot- hold  on  the  dry  eastern  slope  of  the 
Sierra  Nevada.  A  few  insignificant  species  extend,  however, 
along  the  mountains  of  Arizona  and  New  Mexico,  where  the 
precipitation  of  moisture  is  more  regularly  distributed  than  far- 
ther north,  and  serve  to  connect  the  oaks  of  the  Pacific  with 
those  of  the  Atlantic  forests. 

The  absence  of  Pinus  ponderosa  from  the  Nevada  Region  is 
remarkable.  This  species  abounds  in  all  the  Rocky  Mt  Re- 
gion, and  extends  through  New  Mexico  and  Arizona  to  the 
Sierra  Nevada,  where,  on  the  dry  eastern  slope,  it  constitutes 
in  some  of  its  forms  fully  three-quarters  of  the  forests.  It 
might  therefore  be  naturally  looked  for  on  some  of  the  higher 
mountains  of  Central  Nevada,  where,  however,  it  has  not  yet 
been  seen. 

Pseiuiotsuga  Douglasu,  which  also  abounds  in  the  Rocky  Mt 
Region,  and  on  the  higher  mountains  of  New  Mexico  and  Ari- 
zona, does  not  enter  the  Nevada  Region.  This  is  less  remark- 
able, perhaps,  than  the  absence  of  Pinus  ponderosa^  as  this  tree 
does  not  appear,  in  any  numbers  at  least,  on  the  eastern  slope 
oE  the  Sierras,  and  only  reaches  its  noblest  development  in  tne 
humid  climate  of  the  northwest  coast 

Juniperus  Virginiana^  the  most  widely  distributed  of  North 
American  trees,  ranges  from  the  Saint  Lawrence  River  to  Flor- 
ida, and  from  the  Atlantic  to  the  Northern  Pacific.  It  does  not, 
however,  enter  the  Sierra  Nevada  Region,  and  is  extremely 
rare  in  Nevada. 
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LIV.  —  On  Ethylidenamine  Silver  Sulphate  ;  by  W.  G. 
XTER.  Contributions  from  the  Sheffield  Laboratory  of 
le  College,  No.  LVI. 

DEHYDE  AMMONIA  precipitates  metallic  silver  from  many 
salts  almost  as  readily  as  from  the  nitrate.  A  mixture 
utions  of  silver  sulphate  and  aldehyde  ammonia  produces 
ror  when  warmed,  and  at  common  temperatures  evapo- 
to  dryness,  with  but  slight  decomposition.  The  fact  that 
)hate  solution  decomposed  less  readily  than  the  nitrate  led 
5  hope  that  an  investigation  of  the  sulphate  compound 
1  throw  more  light  on  the  constitution  of  silver  aminea 
first  experiments  were  made  with  ammoniacal  aqueous 
ons  of  silver  sulphate  and  aldehyde  ammonia.  Analyses 
;d  the  crystalline  product  to  be  a  mixture.  Alcoholic 
)nia  was  next  used  as  a  solvent,  and  the  analysis  of  the 
Top  of  crystals  showed  nearly  pure  Ag,SO^(NHj)^,  0*6 
3nt  of  carbon  was  found  and  a  solution  of  the  crystals 
id  for  aldehyde.  Aqueous  solutions  of  silver  sulphate 
large  excess  of  aldehyde  ammonia,  over  four  molecules  of 
Iter  to  one  of  the  former,  yielded  either  mixtures  or  ammo- 
ilver  sulphate.  When,  however,  aldehyde  ammonia  is 
ved  in  a  small  quantity  of  water,  and  silver  sulphate,  in 
roportion  of  one  molecule  of  the  latter  to  four  molecules 
}  former,  is  slowly  added  with  constant  agitation ;  and  after 
hours  the  small  black  residue  filtered  off  and  the  solution 
)  spontaneous  evaporation,  few  or  no  crystals  of  the  ammo- 
ilphate  form,  but  colorless  transparent  crystals  separate, 
I  react  strongly  for  aldehyde.  At  summer  temperatures 
ar  crystals,  and  at  from  10°  to  15°  C.  elongated  crystals, 
•minate. 

e  following  analyses  were  made  of  carefully  selected  and 
lefined  tabular  crystals,  which  were  from  2  to  5™*"  in 
iter,  and  which  were  freed  as  much  as  possible  from  the 
er  liquor  by  blotting  paper,  then  washed  with  alcohol 
nally  with  ether.  They  were  considered  dry  when  they 
ot  lose  weight  on  the  balance  in  five  or  ten  minutes. 
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Calculated  for 
Ag,S04(0,H4NH),NH,3H,0 

IV.  V. 
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The  following  results  were  obtained  from  crystals  of  an 
entirely  diflferent  habit  from  those  used  in  the  preceding  analy- 
ses, many  of  the  crystals  were  one  or  two  centimeters  long,  4  or 
5mm  wide,  and  1  to  8"""*  in  thickness.  They  were  freed  from 
the  mother  liquor  in  the  manner  already  described. 

Calculated  for  Calculated  for 

Ag,804(C,H4NH)46H,0     VI.     Ag,804(C,H4NH)4  VIL 
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The  atomic  relations  between  the  silver  and  carbon  found  are 
expressed  by  the  figures  following  the  percentages.  The  com- 
bustion for  i  was  with  lead  chromate,  and  this  carbon  result 
may  be  too  low,  as  subsequent  duplicate  combustions  on 
another  lot  of  crystals  gave  variations  of  1  per  cent  of  carbon. 
All  the  other  combustions  were  made  witn  oxygen,  copper 
oxide,  lead  chromate  and  metallic  copper.  The  silver  in  I  and 
VI  was  weighed  as  chloride,  and  the  other  silver  estimations 
were  from  weighing  the  residue  left  in  the  tray  after  the  com- 
bustions, a  method  necessitated  by  the  small  quantity  of  mate- 
rial available.  The  duplicate  VII  shows  the  possibility  of 
a  mechanical  loss.  An  error  of  1  per  cent  in  the  silver  found 
makes  but  a  small  difierence  in  the  atomic  ratio  between  the 
silver  and  carbon,  since  the  atomic  weight  of  the  former  is  high. 
The  sulphur  was  precipitated  as  barium  sulphate,  and  the 
nitrogen  as  ammonium  platinic  chloride,  after  separating  the 
silver  with  hydrochloric  acid.  The  water  was  determined  by 
drying  over  oil  of  vitriol  or  caustic  potash.  A  drop  of  sulphu- 
ric acid  on  a  watch  glass  in  the  potash  desiccator  showed  that 
there  was  a  slight  loss  of  ammonia  on  drying.  The  weights  of 
substance  for  VI  from  one  crop  of  crystals  were  made  rapidly. 
0*7395  gram  was  at  once  placeci  in  the  combustion  tube  whose 
anterior  half  was  red  hot;  0*438  gram  was  next  put  into  water  for 
the  nitrogen  estimation,  and  fi^nally  0*533  gram  of  crystals,  which 
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had  become  opaque  white  on  edge,  were  dried  to  a  constant 
weight  for  the  water  determination,  and  then  used  to  find  the 
sulphur  content  The  17*67  per  cent  of  water  in  VII  was  from 
drying  2'87  grams  of  crystals  which  had  also  become  opaque 
while  on  edg^. 

Analysis  VI  corresponds  with  the  theory,  and  the  anhy- 
drous material  used  in  VII  was  from  the  same  kind  of  crystals. 
The  deficiency  in  the  amount  of  carbon  found  may  be  ascribed 
either  to  impurities  or  a  slight  decomposition.  I  after  losing 
water  of  crystallization,  has  essentially  the  same  composition  as 
VIL  Both  I  and  VI  are  hydrates  of  a  compound  analogous 
to  ammonio  silver  sulphate,  thus, 

Ag.SOJNHa) 
AgaSO.(CH.CH=NH).,  3H„0 

AgjSOJCHgCHzrNH)^,  6H,0 

The  name  ethylidenamine  silver  sulphate  is  proposed  for  the 
present 

Analysis  IV  was  made  with  hydrous  crystals,  and  EI  with 
anhydrous  substance  from  the  same  crop  of  crystals  which  were 
apparently  of  the  same  form  as  the  crystals  which  gave  results  I. 
II  and  iV",  give  the  formula, 

AgaSOJCH3CH=NH)3NH3,  SH^O. 

Leaving  out  the  3HjO  we  see  that  the  substance  has  the  same 
composition  as  a  mixture  of  8  molecules  of  Ag,S04(C,H^NH)^ 
and  one  molecule  AgjSO^CNHj)^.  But  if  we  suppose  it  a 
mixture  of  Ag,SO,(C,H,NH)„  8H,0  and  Ag^SO^CNH,), 
we  find  that  the  water  is  8*1  per  cent  and  does  not  accord  with 
the  water  found,  and  the  conclusion  is  that  the  substance  anal- 
yzed was  not  a  mixture,  but  a  compound  containing  three 
ethyliden  groups,  and  answering  to  the  formula  already  given. 
HI  and  V  of  two  dififerent  crops  of  crystals  appear  to  be  mix- 
tures of  Ag  SO,  (C,H,NH)„  SHaO  and  Ag,SO^(C,H,NH) 
NH„  8H,0.  Ethylidenamine  silver  sulphate  is  soluble  i 
water  and  yields  aldehyde  when  treated  with  acids.  The  hex 
hydrated  salt  loses  water  more  readily  in  dry  air  than  the  trihy- 
drated. 
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Art.  LV. — Notes  on  the  Satellites  of  Saturn  ;  by  Maria 

Mitchell. 

The  object  glass  of  the  telescope  used  in  the  obseiratioos 
which  follow  is  of  twelve  and  one-third  inches  diameter.  Its 
definition  is  good. 

The  telescope  is  used  in  such  observations  as  its  very  impa- 
fect  mechanism  will  allow ;  these  are  observations  of  the  con- 
junctions of  the  satellites  with  the  edge  of  Saturn's  ring,  of 
size  and  color,  and  of  difi'erences  of  right  ascension. 

The  last  are  made  by  connecting  with  the  chronograph,  and 
recording  the  time  of  passage  of  the  satellites  over  a  fixed  wira 

In  the  course  of  these  observations  such  different  relative  mag- 
nitudes have  been  given  to  the  small  satellites,  on  different  even- 
ings, as  to  lead  to  the  suspicion  that  some  of  them  are  variableL 

The  sparkle  of  Tethys  and  the  grayish  blue  color  of  Bhca 
make  it  seem  unlikelv  that  small  stars  can  have  been  taken  for 
these  two  satellites ;  m  the  case  of  Enceladus  and  Dione  mis- 
takes are  more  easily  made ;  but  the  rapid  motion  of  Encelados 
soon  establishes  its  identity.  The  most  noticeable  changes  are 
in  Bhea. 

In  1877,  Rhea  is  recorded  as  small  on  Nov.  30th ;  as  dull 
on  Dec.  3d ;  as  blurry  and  large,  Dec.  14th  ;  and  as  ruddy,  Dec 
18th.  In  1878  Rhea  is  recorded  as  faint  Oct.  Sd  and  Oct  I6th: 
as  bright  on  Oct.  25th,  and  on  Dec.  3d  it  is  called  nearly  as 
bright  as  Titan. 

1877,  Oct.  6. — Rhea  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  8'^  58°  29»  p.  m.  Two  small  satellites  follow- 
ing the  planet  were  in  conjunction  at  the  same  time;  the  smaller 
one  moved  rapidly  toward  the  ball. 

1877,  Oct.  6. — Two  small  satellites  were  nearly  in  conjunction 
with  the  edge  of  the  preceding  ring  at  9^  28°*  p.  m.  The  smaller 
of  these  was  probably  Dione ;  the  larger  may  have  been  a  star. 

1877,  Oct.  9.-10^  8"*  p.  M.  Tethys  is  moving  away  from  the 
ball  and  has  passed  conjunction  with  the  ring.  Another  satellite, 
probably  Enceladus,  is  coming  in,  and  is  nearly  up  to  conjunction 
with  the  following  edge  of  the  ring. 

1877,  Oct.  13. — At  10  p.  M.,  two  small  satellites  were  seen  to  be 
nearly  together  following  Saturn,  the  space  between  them  being 
l"-5.  At  10''  53™  31%  the  two  satellites  could  not  be  separated  witS 
a  power  of  400.  The  two  were  of  the  same  size.  At  11^  20™  3P, 
the  satellites  could  be  seen  separated.  These  may  be  Tethys  near 
greatest  elongation,  and  Enceladus  approaching  the  planet. 

1877,  Oct.  14. — Rhea  was  in  conjunction  with  the  preceding 
edge  of  the  ring  and  above  the  ring  at  9''  9°'  30*. 

1877,  Oct.  23. — Uhea  was  again  in  conjunction  with  the  preced- 
ing edge  of  the  ring  and  above  it,  at  10**  29'"  22*. 
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1877,  Nov.  6. — Tethys  was  io  conjoDCtion  with  the  preceding 
edge  of  the  ring  at  9**  31""  30». 

1877,  Nov.  7. — Tethys  was  in  conjunction  with  the  following 
edge  of  the  ring  and  above  the  ring  at  9^  22°^  50". 

1877,  Nov.  13. — Dione  was  in  conjunction  with  the  following 
edge  of  the  ring  at  8*»  44°^  6». 

1877,  Nov.  14. — Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  8*»  7°^  6". 

1877,  Nov.  16. — Enceladus  was  in  conjunction  with  the  follow- 
ing edge  of  ring  and  beneath  it  at  9^  51°^  6*. 

1877,  Nov.  17. — ^The  seeing  was  excellent.  Two  satellites, 
probably  Tethys  and  Enceladus,  were  seen  as  one  at  6^  29°^  24*. 
In  twenty  minutes  they  had  separated  3".  Rhea  was  in  conjunc- 
tion with  the  following  edge  of  ring  at  6**  46™  21*  and  3"  below 
the  ring.  Dione  was  nearly  at  conjunction  with  the  preceding 
edge  of  ring  at  7  p.  m. 

1877,  Nov.  30. — Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  7**  17""  1'.  A  small  satellite  (Tethys?)  a  little 
past  conjunction  and  above  the  ring  at  8^  10*". 

1877,  Dec.  12. — Tethys  was  in  conjunction  with  the  preceding 
edge  of  the  ring  and  below  it  at  6*»  48™  49». 

1877,  Dec.  14. — A  small  satellite  preceded  the  ring  byone  and 
three-fifths  the  measurement  of  the  preceding  ansa.  Was  this 
Mimas  ?    The  time  was  1^  34™. 

1877,  Dec.  16. — Titan  was  in  conjunction  with  the  preceding 
edge  of  the  ring  at  6*»  19™  86». 

1878,  Jan.  12. — 6*»  60™  to  6  p.  m.  The  ring  of  Saturn  appeared 
as  a  line.  Titan  preceded  the  planet  and  three  small  satellites 
followed,  two  of  them  estimated  to  be  a  second  of  arc  only  asunder. 
The  distance  from  the  following  edge  of  the  ring  to  the  two 
satellites  so  closely  together  was  nearly  twice  that  from  the  bail 
to  the  edge  of  the  ring. 

1878,  Jan.  16. — Observations  began  at  4**  60™  p.  m.  The  ring 
was  seen  as  a  line  at  6^  12™,  its  following  portion  being  seen  first. 
A  bright  spot  was  seen  on  this  portion  of  the  ring. 

1878,  Jan.  18. — The  night  was  very  fine,  and  at  6  p.  m.  the  ring 
could  be  seen  as  a  ring.  The  preceding  portion  of  the  ring  was 
sharper  than  that  following.  On  the  following  portion  a  bright 
spot  was  seen. 

1878,  Jan.  29. — At  6**  26™  p.  m.  the  ring  could  be  seen  as  a 
bright  line  across  the  planet.  Titan  preceded  the  planet  and  four 
satellites  followed.  At  6^  40™  a  very  faint  satellite  was  seen 
(Tethys  ?)  nearly  up  to  conjunction  with  the  ring  and  moving 
toward  the  ball 

1878,  Feb.  1, — 6^  30™  p.  m.  Points  of  light  could  be  seen  pre- 
ceding Saturn,  but  the  continuity  of  the  nng  could  not  be  kept. 
A  small  point  of  light,  possibly  a  satellite  preceded  the  ring. 
Rhea  and  Titan  followed  the  planet. 

1878,  Oct  3.--8*»  40™  P.  M.  Two  satellites,  supposed  to  be  Rhea 
and  Dione,  are  nearly  in  conjunction  and  preceding  the  planet. 
Two  others  follow,  Tethys  moving  out  and  Enceladus  (?)  nearly 
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at  conjunction  with  the  ring.  Of  the  foar  satellites,  Tethys  is  the 
brightest. 

1878,  Oct  16. — ^Titan  was  in  conjunction  with  the  edge  of  the 
following  ring  at  7**  38" ;  above  the  ring. 

1878,  Oct  24. — ^Titan  was  seen  emer^ng  from  the  ball  of  Satan 
at  9**  16™  30*.  7**  p.  M. — A  very  faint  satellite  was  seen  by 
glimpses,  following,  nearly  in  conjunction  with  the  ring. 

1878,  Oct  25,  7  P.  M.— -Titan  and  another  satellite  supposed  to 
be  Rhea  were  nearly  in  conjunction  separated  by  7".  A  very 
small  satellite  precedes  the  tip  of  the  ring. 

1878,  Oct.  28. — Tethys  was  in  conjunction  with  the  edge  of  the 
following  ring  and  below  at  7**  87°  p.  ic 

1878,  Oct  29. — Tethys  was  nearly  at  conjunction  with  the  pr^ 
ceding  ring  and  above  at  7  p.  m. 

1878,  Nov.  9. — ^At  8*»  18"  3»  Titan  was  seen  to  emerge  from  the 
planet  It  was  wholly  detached  from  the  planet  in  twenty 
minutes.  At  9^^  25"  p.  ic,  a  small  satellite  was  seen,  nearly  at  con- 
junction with  the  following  ring. 

1878,  Nov.  13. — Six  small  bodies  preceded  Saturn.  Of  these, 
Titan,  Rhea,  Tethys  and  Dione  could  be  identified.  At  7^  48" 
p.  M.  the  satellite  supposed  to  be  Rhea  is  distant  from  the  preced- 
ing ring  6",  Tethys  is  distant  1". 

1878,  Nov.  14.— 7**  30"  P.  ic  A  very  small  satellite  followi 
Saturn,  distant  about  3''. 

1878,  Nov.  26. — Titan  and  a  satellite  supposed  to  be  Rhea  were 
asunder  6"  3'  at  7^  22".  If  this  satellite  was  Rhea,  it  was  un- 
usually bright.  Tethys  and  a  very  faint  satellite  precede  Saturn, 
the  latter  is  probably  Enceladus. 

1878,  Nov.  29.— At  6*^  16°>  p.  M.  a  small  satellite  preceded 
Saturn  and  three  others  followed.  Of  those  following,  that  which 
was  nearest  to  Saturn  could  not  be  found  at  9  p.  m.,  and  the  second 
in  distance  from  Saturn  had  moved  in ;  the  latter  was  probably 
Tethys. 

1878,  Dec.  3. — Dione  was  in  conjunction  with  the  following 
edge  and  above  the  ring  at  7**  46*"  34"  p.  m.  A  small  satellite 
was  seen  by  glimpses,  following  at  a  distance  of  6"  from  the  ring. 

1878,  Dec.  6.— At  6^  25™  a  small  satellite  followed  Satnm 
distant  7"  from  the  edge  of  the  ring.  This  satellite  could  not  be 
found  at  7''  55™  although  the  seeing  was  much  better.  At  7''  55" 
a  small  satellite  having  the  peculiar  sparkle  of  Tethys,  was  seen  a 
little  beyond  the  following  edge  of  the  ring,  and  moving  away 
from  the  ball. 

1878,  Dec.  13. — Titan  and  three  small  satellites  precede  the 
planet,  probably  Rhea,  Tethys  and  Dione.  Of  the  three,  Tethvs 
IS  the  brightest  at  6^  57".  It  moves  away  from  the  ball.  At 
8*'  67™  two  of  these  satellites  could  not  be  separated  with  a  power 
of  230.     I  suppose  them  to  be  Tethys  and  Rnea. 

1878,  Dec.  16. — 9**  5"  p.  m.     Tethys  was  nearly  up  to  coniuno- 

tion  with  the  ring;   moving  toward  the  ball.     Khea  was  lai^ 

and  dull  in  color. 

Observatory  of  Vassar  CoUege.  ) 

Longitude  from  Greenwich,   4}^  66"  33 'O*.  ) 
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Art.  LVI. — On  the  Force  of  Effective  Molecular  Action;  by 

Professor  W.  A.  Nobton. 

[Continued  from  page  358.] 

Fob  the  critical   curve  the  molecular  repulsion  has  very 

fn 

nearly  the  constant  value,  0*0052— ,-,  from   a;=Sr  to  x=7'6r; 

and  according  to  Dr.  Andrews,  the  pressure  of  condensation 
at  the  critical  point  for  carbonic  acid  gas  was  seventy-five 
atmospheres.      These  data  give  for  the   molecular  repulsion 

answenng  to    one  atmosphere, »^  =0-0000698-5-.     This 

75 
should  then  be  the  value  of  the  minimum  repulsive  ordinate, 
that  obtains  when  x=8r,  in  the  curve  for  water  at  the  point  of 
ebullition  (212°  R).  This  result  gives  for  this  curve  A=4-981. 
In  this  curve  the  same  molecular  repulsion  occurs  again  at 
x=115r.  Now  taking  1581  for  the  ratio  of  expansion  by 
volume  of  water  converted  into  steam  at  212®  F.,  and  for  the 
distance  between  the  eflfective  molecules  of  the  steam,  115r, 
and  putting  y=  distance  of  the  inner  surface  of  the  effective 
envelope  from  the  center  of  the  molecule,  I  have 

3r+2r+2y    =^1681; 

which  gives  y=2*76r.  This  calculation  proceeds  on  the  sup- 
position that  the  effective  molecules  have  the  same  size  in  tne 
vaporous  as  in  the  liquid  state,  but  theoretically  they  should 
be  larger  ;  and  we  shall  see  in  the  sequel  that  the  probable 
value  of  the  diameter  of  the  molecules  of  steam  is  42-25r.  K 
we  adopt  this  estimate,  the  ratio  of  expansion  by  volume,  1581 
to  1,  gives  for  the  diameter  of  the  liquid  molecule  at  212°  F., 
10-5r. 

Let  us  now  see  how  far  the  well  known  laws  of  gases  may  be 
deduced  from  our  molecular  formula. 

(1).  Avogodros  Law^  relative  to  the  simple  gases ;  that  all 
simple  gases  contain  in  the  same  volume,  at  the  same  pressure 
and  temperature,  the  same  number  of  ultimate  molecules. 
This  law  follows  from  the  fact  that  for  the  large  distances 
between  contiguous  molecules,  that  obtain  in  gases,  the  effec- 
tive repulsion  is  very  nearly  the  same  at  the  same  distance  for 
all  the  values  of  k  that  can  answer  to  the  different  gases; 
together  with  the  large  size  of  the  effective  gaseous  molecules. 
The  entire  possible  range  of  value  for  k^  for  gases  and  vapors, 
is  from  0  to  4 "984;  since  it  is  only  between  these  limits  that 
the  effective  molecular  force  is  repulsive  at  all  distances.    We 
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have  already  seen  that  when  A:=4'931,  and  x=116r,  the  effec- 
tive repulsion  is  0*0000693^ ;  and  that  this  answers  to  one 
atmosphere  of  external  pressure.  When  A:=0  and  a:=115r,  the 
effective  repulsion  is  0*00007561^0 ;  and  the  distance  x  at  which 
the  repulsion  becomes  0*0000698p  is  120r.  But  the  distances 
between  the  centers  of  the  molecules  must  be  much  greater 
than  these  values  of  x.  It  will  soon  appear  that  the  law  of 
Mariotte  requires  that  the  radius  of  the  effective  gaseous  mole- 
cule, under  a  pressure  of  one  atmosphere,  be  not  less  than  3lf. 
This  gives  for  the  distance  between  the  centers  of  the  mole- 
cules, under  this  pressure,  177r  whenA;=4'931 ;  and  182r  when 

(182  \* 
ypz)  =1'686.     This  is  the  highest  ratio  of  vol- 
umes of  two  simple  gases,  under  atmospheric  pressure,  that 
would  be  theoretically  possible ;  unless  the  effective  size  of  the 
molecules  be  supposed  to  diminish  as  k  increases.     But  this  is 
only  an  ideal  extreme  result.     It  will  appear  in  the  sequel  that 
the  values  of  k  for  the  simple  gases,  oxygen,  hydrogen  and 
nitrogen,  for  which  Avogadro's  law,  for  a  constant  pressure  and 
temperature,  has  been  experimentally  established,  are  included 
within  narrow  limits  (probably  2  and  8).      It  thus  becomes 
apparent  that  the  extreme  ratio  of  the  number  of  molecules  in 
the  same  volume  cannot  exceed  1*013,  and  may  be  much  less. 
(2.)  Avogadro's  Law,  relative  to  compound  gases ;  that  the 
same  volumes  of  these  gases  contain  the  same  number  of  mole- 
cules, and  the  same  number  as  equal  volumes  of  the  simple 
gases.     The  ordinary  physical    conception   is  that  compound 
molecules  are  formed  by  the  union  of  simple  molecules,  or  of  a 
certain  number  of  their  constituent  atoms,  and  that  these  oc- 
cupy the  same  volume  that  the  simple  molecules  did.     In  some 
instances  of  chemical  combination  it  necessitates  the  supposi- 
tion that  the  formation  of  each  new  compound  molecule  is  a 
result  of  the  breaking  up  of  several  molecules  of  the  combining 
substances.     It  also  involves  the  improbable  hypothesis  that 
the  space  physically  occupied   by   a   molecule    is  wholly  in- 
dependent  oi    the  number  of    its  constituent    atoms.      Upon 
the    conception    of   variable   ultimate   molecules   adopted  in 
this   and   my    previous    paper,    Avogadro's   law    simply  im- 
plies that  in  the  act  of    combination  the  effective  molecules 
suffer   a   certain   diminution   of  size,  by   the  collapse  of  their 
envelopes.      The    same  number  of   atoms  may  tnus    physi- 
cally occupy  the  same  volume  as  if  they  were  closely  to  unite 
and  form  a  compound  molecule,  upon  the  ordinary  hypothesis. 
Thus  in  the  formation  of  aqueous  vapor  by  the  combination  of 
two  volumes  of  hydrogen  with  one  volume  of  oxygen,  forming 
two  volumes  of  the  compound,  a  condensation  of  the  individuju 
molecules   would   take  place,  and  as  the  result  two  ultimate 


W,  A,  Norton — Force  of  Effective  Molecular  Action.      485 

molecules  of  hydrogen  and  one  of  oxygen  would  occupy  the 
same  volume  that  three  molecules  of  either  gas  did  before  the 
combination.  It  is  to  be  observed,  in  confirmation  of  this  view 
of  the  process  of  combination,  that  the  reduction  in  the  size  of 
the  eflfective  molecules,  would  be  attended  with  an  increase  in  the 
ratio  A,  and  a  consequent  increase  in  the  value  of  the  attractive 
term  in  equation  (1),  for  the  same  value  of  x  (or  graphically, 
a  rise  of  the  curve  of  eflTective  molecular  action ;  see  fig.  8). 

The  compound  should  therefore  be  a  more  condensable  gas, 
or  vapor.  We  have  already  obtained  for  aqueous  vapor,  at 
212°  F.,  i =4-981 ;  and  it  will  appear  hereafter  that  for 
oxygen,  hydrogen,  or  nitrogen,  the  value  of  k  must  fall  below 
4,  and  is  probablv  near  2.  To  obtain  the  theoretical  size  of  the 
effective  molecules  of  aqueous  vapor,  we  have  the  equation 

-- — .  ,  =  V/ -  •  This  gives  v'=42-25r,  and  radius  of  mole- 
116r+y  ^2 

cule=21*12r.  The  distance  between  the  ceuters  of  contiguous 
molecules  will  be  157'25r.  In  this  equation  118r  is  the  dis- 
tance between  contiguous  molecules  of  oxygen  or  hydrogen  be- 
fore condensation,  and  answers  to  A=2,  nearlv  ;  and  62r  is  the 
diameter  of  one  of  the  molecules  (see  page  436) :  1 15r  is  the 
distance  between  the  same  molecules  after  the  condensation  into 
aqueous  vapor ;  when  k  has  been  increased  to  4'931. 

In  all  combinations  of  simple  gases  the  degree  of  condensa- 
tion that  occurs  is  expressed  by  the  ratio  of  the  number  of 
atoms  in  the  **  compound  molecule,"  as  shown  by  the  ordinary 
molecular  formula,  to  2,  the  assumed  number  of  the  constitu- 
ent atoms  of  ''  the  molecule  "  of  a  simple  gas.  In  this  state- 
ment it  is  supposed  that  the  constituent  gases  before  combina- 
tion are  in  the  perfect  gaseous  condition,  like  oxygen,  or  hy- 
drogen, and  that  the  compound  gas  has  the  temperature  at 
which  it  is  in  a  similar  condition  ;  so  far  as  these  two  supposi- 
tions are  implied  in  Avogadro's  law. 

Mariotie'sy  or  Boyle's  Law,  of  the  uniform  compressibility,  by 
volume,  of  gases  under  increasing  pressure.  Upon  the  present 
theory  this  law  should  obtain  if  the  effective  molecular  repul- 
sion be  inversely  proportional  to  the  volume  occupied  by  the 
same  number  of  molecules,  or  to  the  cube  of  the  distance  between 
the  centers  of  contiguous  molecules.  For  each  molecule  would 
then  be  the  center  of  a  system  of  recurring  impulses  propagated 
in  waves  by  the  interstitial  luminiferous  ether,  proportional  in 
intensity  to  the  number  (n)  of  molecules  in  a  unit  of  volume, 
and  every  line  radiating  from  anv  point  of  the  enclosure  into 
the  body  of  gas  would  sensibly  intersect  a  molecule  at  a 
greater  or  less  distance.  To  obtain  the  entire  impulsive  action 
(P)  on  the  point  considered,  we  have  then  only  to  conceive  a 
hemisphere  traced  around  this  point,  and  that  all  the  points  of 
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its  surface  are  centers  of  radiating  impulses  proportional  in 
intensity  to  n,  and  propagated  according  to  the  law  of  inverse 
squares.  P  should  then  be  proportional  to  the  intensity  of  the 
radiation  at  the  points  of  the  hemisphere,  and  therefore  to  n. 

Now  the  expression  for  the  eflfective  molecular  repulsion 
(equ.  1)  consists  of  two  terms  of  which  the  first,  or  attractive 
term,  becomes  relatively  very  small  at  the  molecular  distances 
that  obtain,  at  moderate  pressures,  in  gases  (p.   346).      The 

repulsive  term,  — ,  gives,  then,  very  nearly  the  effective  force, 
at  such  pressures ;  and  more  nearly  in  proportion  as  the  ratio 

—  is  smaller.  Mariotte's  law  should  then  be  satisfied,  for  con- 
m 

siderable  variations  of  pressure  if  the  term  —  should  vary  in- 

versely  as  the  cube  of  the  distance  {xT)  between  the  centers  of 

.    .     1       1 
contiguous  molecules;  that  is,  if  —H — 7-3.     K  we  denote  by  h 

the  radius  of  the  eflfective  molecule,  x'=  x  +  2h.  As  we  are 
not  in  a  position  to  determine  k  priori  the  law  of  variation  of 
the  size  of  the  molecule  under  varying  pressures,  the  only 

alternative  is  to  adopt  the  hypothesis  that  — -J — 7-,,  deduce  a 

series  of  values  of  the  diameter  2A,  of  the  effective  molecule 
that  shall  be  in  conformity  with  this  hypothesis,  and  then  test 
the  results  and  hypothesis  by  deducing  the  theoretical  devia- 
tions from  the  law  of  Mariotte  in  special  cases,  and  compariog 
them  with  the  deviations  experimentally  determined.     ISow  I 

find  that  the  hypothesis  that  —-r-y;  is  satisfied  by  the  follow- 

ing  values  of  2/i,  viz:  62-10,  62O0,  61-26,  60-82,  58-96,  57*12, 
54-70,  51-58,  47-54,  42-24,  35-14,  80-53,  24-74,  16*89,  12*57,- 
answering  respectively  to  the  following  values  of  u  (equ.  2): 
120,  115,  100,  90,  80,  70,  60,  50.  40,  30,  20,  15,  10,  5,  and  a 
Theoretically  one  gas  diflers  from  another  in  the  value  of  k, 
and  the  larger  this  ratio  the  greater  should  be  the  deviations 
from  the  law  of  Mariotte,  which  strictly  is  fulfilled  only  when 
A=0,  and  so  the  attractive  term  in  our  formula  equal  to  zero. 
These  deviations  should  also  increase  as  the  pressure  increases, 
since  the  attractive  term  will  become  relatively  greater.  The 
more  permanent  simple  gases  (oxygen,  hydrogen,  etc.),  for 
which  the  law  of  Mariotte  holds  good  over  the  greatest  range 
of  pressure,  should  then  have  the  smallest  values  of  the  ratio  it- 
ana  compound  gases  the  larger  values  (see  p.  485).  We  may 
now  assume,  as  a  basis  for  an  approximate  calculation,  that  the 
molecules  of  all  the  gases  have  equal  diameters  under  equal 
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pressures,  and  we  may  then  compute  for  any  supposed  value 
of  k  the  volume  that  should  obtain  under  any  supposed  pres- 
sure, and  compare  it  with  the  value  that  would  result  it  the 
law  of  Mariotte  were  strictly  fulfilled.  Dr.  Andrews,  in  his 
Bakerian  Lecture  on  the  continuity  of  the  gaseous  and  liquid 
states  of  matter,  states  that  under  a  pressure  of  forty-nine 
atmospheres,  at  the  temperature  18^*09  0. ;  the  volume  of  car- 
bonic acid  gas  was  "  about  |  of  the  volume  that  Mariotte's  law 
would  give."  The  critical  temperature  of  the  gas  he  found  to 
be  30®*92  C,  and  we  have  seen  (p.  857)  that  for  the  critical  curve 
i=4*7.  This  gives  for  the  temperature  18^*09  C.  A;=4-75  (very 
nearly).  Now  calculating  the  volume  for  this  value  of  k,  and 
under  a  pressure  of  49  atmospheres,  I  obtain  0*648  of  the 
volume  (V)  Mariotte^s  law  would  give.  Experiment  gave 
0'60V.  By  what  has  already  been  stated  (p.  434),  the  actual 
diameter  of  a  molecule  of  carbon-dioxide,  under  the  pressure 
of  one  atmosphere,  should  be  less  than  62r,  the  diameter 
assumed  for  molecules  of  oxygen  and  hydrogen.     Taking  it 

52r,  I  have  deduced  from  the  hypothesis  that  — ^-^-tj  another 

series  of  values  of  the  diameter  2h  ;  and  making  a  new  calcula- 
tion, I  find  the  theoretical  volume  =0'618V.  The  ratio  of 
condensation  from  the  perfect  gas  in  the  production  of  carbon 
dioxide  (see  p.  485)  would  lead  us  to  conclude  that  the  diameter 
of  the  molecule,  at  the  temperature  13° 09  C.  would  be  less 
than  50  (possibly  as  low  as  40).  Taking  it  at  40  I  obtain  by 
estimation  the  theoretical  volume  =0*58 V.  I  have  made  other 
similar  test  calculations,  with  the  aid  of  Dr.  Andrews'  experi- 
mental determinations  with  similar  results. 

Oay  Lussac^s  Law  of  the  uniform  variation  of  the  volume  of 
a  gas  under  constant  pressure,  as  well  as  of  the  elastic  force 
under  a  constant  volume,  resulting  from  a  change  of  tempera- 
ture. This  may  be  deduced  from  the  principle  which  gives 
Mariotte's  law,  that  the  molecular  repulsion  varies  inversely  as 
the  volume,  and  the  principle  that  it  is  directly  propor- 
tional to  the  coefficient  of  repulsion  (w),  which  must  be  propor- 
tional to  the  absolute  temperature.  We  have  already  seen 
that  the  elastic  pressure  of  a  gas  should  be  proportional  to  the 
molecular  repulsion  (F).  Now  for  the  range  of  pressure  for 
which  the  law  of  Mariotte  holds  good,  we  have 

^  ___    m m'  _J2m 

The  volume  is  represented  by  a:''.     If  x^  becomes  x^+dx\  the 

volume  becomes  {x^-\'dx')^=x^^+8x'^dx'  (very  nearly).     Thus 

the  increase  of  volume  is  Sx'*dx\'  and  the  ratio  of  increase 

Sx'^dx' 

77- .     But  the  increment  dx^  is  due  to  an  increase  of  tern- 
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perature,  and  must  answer  to  drn^  while  /  remains  constant 

Thus  dx'=^y-j^.  and  therefore  the  ratio  becomes 

dm'     dm' dm 

fx'^      m'       m' 

For  the  case  in  which  the  volume  is  constant,  while  the  tem- 
perature rises, 

T^      dm'         -  df      dm'      dm'     dm 

x^  f     Jx^       m        m 

Thus  the  ratio  of  the  increase  of  volume  is  equal  to  the  ratio 
of  the  increase  of  elastic  pressure.  We  may  assume  that  from 
a  certain  absolute  temperature,  T,  m  increases  uniformly  for 
each  increment,  1^  of  temperature.     Let  i  denote  the  actual 

temperature  above  T  ;  then  m=cUj  and  —  ==  "7"     ^^om  which 

it  appears  that  above  T  the  increase  of  volume,  or  of  the  elastic 
pressure,  takes  place  uniformly ;  that  is,  is  equal  in  amount  for 
equal  increments  of  temperature.  We  may  conclude  from  this 
investigation  that  Gay  Lussac's  law  holds  good  only  for  that 
range  of  pressure  and  temperature  within  which  the  law  of 
Mariotte  is  fulfilled ;  and  that  it  is  not  strictly  true  for  the 
more  compressible  gases  and  vapors,  except  at  temperatures 
considerably  above  tne  point  of  condensation. 

Specific  Heat  of  Gases. — When  the  temperature  of  a  gas  is 
raised  1°,  without  change  of  volume,  the  neat  is  expended  in 
exalting  the  vibratory  state  (i.  e.  the  dynamic  energy)  of  the 
molecular  envelopes,  and  in  augmenting  their  potential  eneigy 
by  expansion.  It  is  obvious,  then,  that  the  specific  heat  of  a 
gas,  under  a  constant  volume,  should  be  some  function  of  the 
ratio,  A:,  since  upon  this  must  depend  at  a  given  temperature, 
the  number  of  molecules  in  the  unit  of  volume,  and  the 
mechanical  condition  of  each  raolecula  The  theoretical  indi- 
cations are  that  the  specific  heat  of  different  gases,  for  the  unit 
of  volume,  is  directly  proportional  to  the  value  of  k;  but  as 
these  cannot  be  adequately  presented  here  we  will  assume  this 
as  an  hypothesis  and  test  it  oy  the  quantitative  results  to  which 
it  leads.  To  state  the  hypothesis  with  more  precision,  it  is 
that  the  specific  heat  of  a  gas,  when  the  volume  is  constant  and 
the  initial  elastic  pressure  is  one  atmosphere,  is,  for  a  unit  of 
volume,  proportional  to  the  value  of  A— it  being  understood 
that  in  the  case  of  a  compound  gas  the  value  of  k  considered  is 
that  which  which  obtains  when  the  molecules  are  in  the  condi- 
tion that  immediately  results  from  the  formation  of  the  gas 
from  its  constituents,  and  at  the  temperature  at  which  the  ratio 
of  condensation  is  that  proper  to  the  gas. 
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When  a  gas  is  allowed  to  expand  under  a  constant  pressure, 
an  additional  amount  of  heat  is  expended  in  the  work  of  this 
expansion  in  opposition  to  the  external  pressure.  Now  if  n 
were  equal  to  m  the  amount  of  heat  thus  expended  should 
equal  that  which  would  be  expended  on  the  molecular  envel- 
opes. Let  U  denote  the  entire  amount  of  heat  expended  when 
the  pressure  is  constant,  u  that  expended  in  the  work  of  expan- 
sion, and  u'  that  expended  on  the  molecules  directly ;  and  we 
have  U=M4-w'=tt-f  «A.  Each  term  is  a  function  of  tne  temper- 
ature, t;  and,  differentiating,  we  have  dU ^dii-\-sdu.  But  we 
have  seen  that  da  equals  the  value  which  sdu  would  have  if 

i,  or  — ,  were  equal  to  unity.    Denote  it  by  e,  and  we  obtain 
d\J=e'\-se.     But>  since  the  specific  heat  under  a  constant  vol- 

op         Ir 

ume  is  proportional  to  A,  — ="f  »   a^d  thus  s^h     This  value 

of  8  gives  flJU=(lH-A)e,  and5cfw=fe;  from  which   --7-=— r-- 

This  is  ratio  of  the  specific  heat  under  a  constant  pressure  to 
the  specific  heat  under  a  constant  volume. 

Let  us  now  subject  these  theoretical  results  to  the  test  of 
calculation.  According  to  Pouillet  the  specific  heat  of  aqueous 
vapor,  under  a  constant  volume,  is  1'9600,  and  that  of  a  mix- 
ture of  one  volume  of  oxygen  and  two  volumes  of  hydrogen, 
0*9277.     The  ratio  of  these  is  2*118.    For  aqueous  vapor  we 

4*98 
have  seen  that  i=4'93.     Thus,  oTtto  (=2i)    should    be    the 

value  of  k  for  the  mixture  of  oxygen  and  hydrogen  before  con- 
densation into  aqueous  vapor.     This  result,  as  will  appear  in 
the  sequel,  is  in  accordance  with  the  results  of  Professor  rictet's 
experiments  on  the  liquefaction  of  oxygen  and  hydrogen. 
Taking  the  specific  neat  of  carbon-dioxide,  under  a  constant 

1*26 
volume  at  1*26,  we  have  ^^02=== 1*36,    and    l-36x2i=817. 

This  18  the  value  of  k  for  this  gas  under  a  pressure  of  one 
atmosphere,  and  in  the  condition  in  which  it  exists  as  the 
immeaiate  product  of  the  combustion  of  carbon.  It  is  here 
tacitly  supposed,  in  accordance  with  fact,  that  the  specific  heat 
of  the  gas,  for  equal  volumes,  and  under  the  pressure  of  one 
atmosphere,  is  the  same,  when  in  the  state  of  a  vapor,  at  what- 
ever temperature  it  is  supposed  to  be  formed  from  a  liquid. 
Theoretically  there  should  be  a  tendency  to  this  state  of  things, 
since  when  the  temperature  is  higher  the  number  of  molecules 
in  the  unit  of  volume,  at  the  same  elastic  tension,  is  less,  but 
at  the  same  time  the  specific  heat  of  each  molecule  should  be 
greater,  owing  to  the  increased  size  of  its  envelope,  and  its 
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consequent  greater  liability  to  expansion  under  the  operation 

1"553 

of  the  heat  energy.     For  olefiant  gas  we  have  ^;^^=  =   1-674; 

and  1  •674x2^=4-2,  the  theoretical  value  of  k  for  this  gas. 

These  results  enable  us  to  test  our  expression  for  the  ratio  of 

the  specific  heats  under  a  constant  volume,  and  at  a  constant 

1+Jfe 
pressure,  viz :  — r--     For  the  mixture  of  oxygen  and  bydn^n 

l^k    1+24- 

-T-  =— sT^=l*4S0.     The  experimental  value  is  1-410.     For 

carbon -dioxide    — 77-=    o.^tj   =1'816.     According  to   experi- 

4-2+1 

ment  it  is  1-338.     For  defiant  gas  the  ratio  is        ^    =124, 

the  same  as  obtained  by  experiment.  For  oxide  of  carbon  I 
get  4=2*60  and  ratio  of  specific  heats  =1*38 ;  experiment  gives 
1-428.  For  oxide  of  nitrogen  4=3*396  and  ratio  of  specific 
heats  =1-294;  experiment  gives  1-343. 

Professor  J.  Clerk  Maxwell  (Nature,  March  10,  1875,  p.  375) 
admits  that  the  kinetic  theory  of  gases  has  encountered  a  serioos 
dilemma  in  the  attempt  to  determine  specific  heats.  He  says, 
"  We  learn  from  the  spectroscope  that  a  molecule  can  execute 
vibrations  of  constant  period.  It  cannot  therefore  be  a  mere 
material  point,  but  a  system  capable  of  changing  its  form. 
Such  a  system  cannot  have  less  than  six  variables.  .  .  .  Bat 
the  spectroscope  tells  us  that  some  molecules  can  execute  a  great 
many  different  kinds  of  vibrations.  They  must  therefore  be 
systems  of  a  very  considerable  degree  of  complexity,  having 
far  more  than  six  variables;"  and  ** every  additional  variable 
increases  the  specific  heat,  whether  reckoned  at  constant  pres- 
sure or  at  constant  volume.  But  the  calculated  specific  heat  is 
already  too  great  when  we  suppose  the  molecule  to  consist  of 
two  atoms  only."  The  present  theory  encounters  no  such  diflS- 
culty,  since  it  regards  the  heat  and  light  vibrations  as  pertaining 
to  the  atoms  of  the  molecular  envelopes,  and  the  number  of 
these  is  indefinitely  great,  and  the  determination  of  the  specific 
heat  requires  no  hypothesis  of  a  definite  number  of  atoms  to 
be  made.  In  the  same  connection  Professor  Maxwell  has  the 
following  remark  :  **  And  here  we  are  brought  face  to  face  with 
the  greatest  difficulty  which  the  molecular  theory  has  yet 
encountered,  namely,  the  interpretation  of  n-ftf=4*9.  He  had 
previously  remarked  **  that  n+e,  for  air  and  several  other  gases, 
cannot  be  more  than  4-9.  For  carbonic  acid  (?)  and  steam  it  is 
greater."  Now  ?t-fe  answers  to  the  ratio,  i,  on  the  present 
theory,  and  we  have  seen  (p.  433)  that  this  is  4*93  for  steam, 
and  less  than  4*9  for  the  gases. 


W.  A.  Norton — Force  of  Effective  Molecular  Action.      441 

Diffusion  of  Oases, — The  law  of  variation  of  the  molecular 
repulsion,  at  the  distances  between  gaseous  molecules,  given 
by  equ.  (1),  leads  to  the  result  that  if  one  layer  of  such  mole- 
cules moves  over  another,  so  that  those  on  one  side  of  the  plane 
of  separation  are  opposite  the  vacant  spaces  between  those  on 
the  other  side,  a  force  of  eflfective  repulsion  directed  toward  this 
plane  will  supervene,  which  will  operate  to  diffuse  each  set  of 
molecules  into  the  volume  occupi^  by  the  other.  Did  space 
admit,  we  might  show  that  when  all  the  circumstances  of  the 
case,  and  the  resistances  in  operation,  are  duly  considered,  the 
diffusion  thus  originating  should  con  form  to  the  known  laws  of 
diffusion ;  as  that  the  velocity  of  diffusion  of  the  individual 
molecules  is  inversely  proportional  to  the  square  root  of  the 
molecular  weights,  &c.  The  force  of  diffusion  of  liquid  mole- 
cules has  a  similar  origin.  Upon  this  view  the  force  oi  diffusion 
is  incidental  to  the  inevitable  internal  agitations  occurring  in 
fluid  masses;  and  may  be  brought  into  more  lively  action  by 
artificial  disturbances.  The  molecular  repulsive  or  heat  energy 
consumed  in  such  effects  is  restored  to  tne  mass  by  the  subsi- 
dence of  the  individual  movements,  perpetually  recurring. 

Comparison  of  the  present  vrith  the  kinetic  theory  of  gases. — The 
theory  of  gases  which  has  now  been  deduced  from  the  general 
expression  for  the  force  of  effective  molecular  action  (equa.  1, 
or  2),  is  no  less  dynamical  in  its  essential  character  than  the 
kinetic  theory.  The  dynamical  system  conceived  to  be  in  ope- 
ration is,  upon  the  one  view,  the  translatory  wave  movements 
and  atomic  vibrations  of  the  interstitial  ether  and  ethereal 
atmospheres  of  the  molecules,  and  upon  the  other,  the  move- 
ments of  translation  of  the  molecules  themselves,  and  the 
vibrations  of  their  constituent  atoms.  The  doctrine  of  Energy, 
and  the  principles  of  the  Mechanical  Theory  of  Heat,  are  as 
applicable  to  the  one  as  to  the  other  theory.  The  essential  cor- 
Tespondence  of  the  two  theories  is  abundantly  evident  from  the 
fact  that  with  equa.  (1)  an  expression  for  the  elastic  pressure  of 
a  gas  may  be  obtained  that  is  a  counterpart  of  that  given  by  the 
equation  of  Clausius,  viz:  ^V=|T— f2'2'jEr.  This  maybe 
inferred  from  the  general  consideration  that  the  impulses  upon 
any  point,  O,  of  the  enclosure,  of  an  ethereal  wave  in  which  the 
velocity  of  the  radial  pulsation  increases  from  zero  to  a  maximum, 
u,  and  then  decreases  to  zero,  is  analogous  to  the  impulse  of  a 
gaseous  molecule  whose  velocity,  w'  is  reduced  to  zero,  and  then 
restored  in  the  recoil — the  ethereal  waves  and  the  gaseous 
molecules  alike  impinging  on  the  point  from  every  variety  of 
direction.  To  show  it  conclusively,  let  it  be  borne  in  mind  that 
the  central  atoms  of  the  molecules  of  the  gas  may,  for  each  point 
O,  of  the  enclosure,  be  conceived  to  be  uniformly  distributed 
over  the  surface  of  a  hemisphere  described  around  this  point,  so 
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that  each  elementary  part  of  the  surface  will  be  occupied  by  one 
such  atom,  and  so  will  be  a  center  of  radiation  of  wave-impulses 
propagated  to  0  (p.  486).  Now  let  u  be  the  maximum  velocity 
of  pulsation  of  the  ethereal  atoms  in  any  wave,  at  the  point  0 ; 
m  the  mass  of  ether  effective  in  the  pulsation ;  s  the  minute 
space  (equal  to  half  the  length  of  a  wave)  over  which  m  moves 
while  the  velocity  is  increasing  from  zero  to  u,  or  decreasing 
from  u  to  zero ;  and  pi  the  mean  impulsive  force  taking  effect 
over  the  space  s.  Then  for  the  wave  impulses  propagated  along 
the  normal  at  0,  piX28=mu*.  Let  n^  denote  the  number  of 
successive  waves  in  the  space,  1,  and  take  for  the  unit  of  time 
the  interval  employed  by  the  wave  in  traversing  the  distance, 

1 ;  and  we  have  «i=s"  ^ndpiX2$X^=nimu*,orpiXl=nimu*, 

But|)iXl  is  the  impulsive  work  of  the  waves  in  the  unit  of 
time,  and  may  be  taken  as  p\  the  force  of  pressure  on  an  ele- 
mentary area  at  0,  due  to  the  successive  waves  propa^ted 
along  the  normal  at  0.  Now  for  a  wave  coming  from  a  direc- 
tion inclined  under  any  angle  ^^  to  the  normal,  the  normal 
impulse  will  be  p'  cos  f\  ana  the  normal  velocity  of  pulsation 
will  be  u  cos  y'.  Thus  p'  cos  f^=n^mu*coQ*f' ;  and  for  n'  mole- 
cules having  this  angle  of  direction,  n'p'  cos  ^'=n'n^mu*cos"f'. 
For  the  entire  normal  impulse  at  0,  or  the  elastic  pressure,  p, 
on  an  elementary  area  at  O,  we  have  then,  p=£n'n,mt^cQ^f. 
But  the  gaseous  molecules  lying  in  any  angle  of  direction,  f, 
around  the  normal,  form  an  elementary  zone  of  the  hemisphere, 
whose  breadth  is  d<p^  and  altitude,  in  the  normal  directioD, 
d  cos  <p^  or  sin  f>d<p.  If  then  n  represent  the  number  of  molecules 
in  the  entire  hemisphere,  n' :  n  : :  sin  ^d^  :  1 ;  and  n'=n  sin  fd^. 


TT 


/^  .  /      C08'<Z?\« 

Thus  J9=/     nn/mu^  co^^cp  sin  q)d(pz=,nn/mu^{  — — - —  I    = 
n7imu*     ^      nnrnti^      ^^        nnmu^ 

is  the  entire  living  force,  or  energy,  of  all  the  ethereal  waves 
occupying  at  any  interval  of  time  the  space  unity  on  all  the 
lines  radiating  from  0  ;  or  included  within  a  hemisphere  traced 
around  0  with  the  radius  1.  Calling  this  E,  we  have  p=|E. 
But  the  hypothesis,  which  has  been  tested  by  quantitative  deter- 
minations (p.  437),  that  the  repulsive  term  in  equ.  (1)  varies 
inversely  as  the  cube  of  the  distance,  x\  between  the  centers  of 
the  molecules,  gives  the  same  law  of  variation  for  the  impulses 
received  at  0;  and  accordingly  if  T  denotes  the  value  of  E, 

T         T 
whenx'=l,j9=|— r3  =  |Y,  in  which  V  is  the  volume  occupied 

by  a  given  number  of  molecules,  N,  in  terms  of  the  volume,  1, 
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occupied  by  the  same  number  of  molecules  when  the  distance 
between  their  centers  is  1. 

If  now  we  take  account  of  the  attractive  impulses  answering 
to  the  attractive  term  in  equ.  (1),  it  is  plain  that  by  a  similar 
investigation  we  shall  obtain  for  the  diminution,  cf,  of  the  elastic 
pressure  at  0,  rf=|E'.  Accordingly  for  the  actual  pressure  on 
an  elementary  area  at  0,  we  have 

m  m  rp/ 

P=fE— |E=|y— fE'=fy— fy^yo 

where  "F  denotes  the  entire  energy  of  the  attractive  waves 
that  occupy  at  any  instant  a  hemisphere  described  around  O 
with  the  radius  1.    It  may  be  shown  that  unless  the  number 

3 

of  atmospheres  of  pressure  be  great, /(V)= const.  (V)^,  approx- 
imately. This  expression  for  r  is,  essentially,  the  counterpart 
to  the  value  of  p  given  in  the  equation  of  Clausius  (p.  441). 
The  first  term  is  directly  proportional  to  the  coefficient  of  repul- 
sion, m,  and  so  to  the  temperature  reckoned  from  the  absolute 
zero ;  and  inversely  proportional  to  the  volume,  Y,  occupied 
by  a  given  number  of  ultimate  molecules,  N.  The  other  term 
varies  from  one  gas  to  another  proportionally  to  the  coefficient 
of  attraction,  n,  and  varies  for  the  same  eas  with  the  volume 
occupied  by  the  same  number  of  molecules,  N ;  but  does  not 
change  witn  the  temperature,  except  as  the  volume  may  vary 
with  the  temperature,  and  the  value  of  n  also.  In  view  of  the 
result  of  this  investigation  it  is  hardly  necessary  to  add  that  all 
the  objections  which  have  been  urged  against  the  doctrine  that 
the  elastic  pressure  of  a  gas  is  due  to  statical  molecular  repulsion 
are  entirely  inapplicable  to  the  present  theory. 

For  calculating  the  gaseous  pressure  in  atmospheres  I  obtain 
the  formula 

\        ^  > f  /288'°5-fr\ 

13,924(l+jf3)  V^U 

in  wbicb  —  =  ratio  of  the  volume,  in  the  case  of  an  ideal  gas 

2 

nx        71}/ 
for  which  A;=0  and  — 5  -f — 7;,  answering  to  the  assumed  value 

of  w,  to  the  volume  at  the  pressure  of  one  atmosphere,  and  the 
mean  temperature,  15°'5  Cf.,  occupied  by  the  same  number  of 
molecules ;  t^  =  temperature  above  the  mean  taken  as  a  zero 
point,  k  =  ratio  of  coefficients  of  attraction  and  repulsion,  as 
before,  for  the  gas  and  temperature  considered.  The  value  of 
k  varies  with  the  temperature.    We  have  already  seen  (p.  489) 
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that  for  a  certain  mixture  of  oxygen  and  hydrogen  its  estimated 
value  is  about  2^;  and  that  for  carbon-dioxide  it  is  8*17,  when 
the  gas  is  in  the  condition  and  at  the  temperature  referred  to 
on  page  488,  and  increases  as  the  temperature  &lls,  to  4*98  at 
about  the  temperature,  —80°  C,  At  the  critical  temperature 
80 •°9  C,  its  value  is  4-7. 

The  approximate  value  of  k  for  any  gas  at  any  temperature 
may  be  readily  obtained,  for  any  other  temperature  for  the 
same  gas,  by  the  empirical  law  that  it  is  inversely  proportional 
to  the  J  J  power  of  the  absolute  temperature.  It  is  to  be  under- 
stood that  the  calculations  are  for  the  value  of  k  at  the  maximum 
tension  of  the  gas  (vapor)  at  the  temperature  considered. 

In  the  liquefaction  of  oxygen,  hydrogen,  and  nitrogen, 
when  the  point  of  liquefaction,  so  styled,  was  reached,  the  dis- 
tance, x,  oetween  the  molecules,  must  have  been  reduced  to 
8*5r,  or  very  nearly  this.  This  distance  answers  to  the  point 
of  ebullition  of  gases  whose  molecular  curve  lies  just  above  the 
critical  curve  (for  which  A=4'7).     By  specific  heat  ratios  we 

0*9765 
obtain  for  oxygen,  A=4-98x-Y:g^=2*456.    The  reduction  of 

temperature  from  15'°5  C.  to  145'°5  C.  should  materially  aug- 
ment this  deduced  value  of  k.  If  we  assume  that  the  empirical 
law  holds  for  oxygen,  as  for  carbonic  acid,  that  k  is  in- 
versely proportional  to  the  j\  power  of  the  absolute  temper- 
ature, we  obtain  A;=2*64.  Now  taking  w=8*5, 1  find  j=1156'2. 
Taking  this  value  of  j,  and  A;=2-64,  the  formula  gives  P,=272'5 
atmospheres.     The  volume  ratio  for  the  actual  gas,  for  which 

A;=2*64, 1  find  to  be  ^ttq.     This  gives  for  the  density  of  the 

condensed  gas,  O'SSl  the  maximum  density  of  water;  on  the 
hypothesis  that  the  dimensions  of  the  molecules  are  unaffected 
by  the  reduction  of  temperature.  But  theoretically  this  should 
be  attended  with  a  contraction  of  the  effective  molecules.  If 
we  assume  the  law  of  the  consequent  diminution  in  the  volume 
of  the  gas  to  be  the  same  as  that  of  the  increase  of  k  from  a  fall 
of  temperature,  the  density  comes  out  0'94.  According  to 
Professor  Pictet's  experimental  determinations  the  elastic  pres- 
sure of  the  condensed  oxygen  was  273  atmospheres;  and  the 
densitv  O'OS. 

If  we  suppose  the  original  value  of  k  (2'456'i  to  remain  un- 
changed ana  take  i^=3'5,  the  formula  gives  !P^=285  atmos- 
pheres ;  and  the  density  comes  out  0*936,  and  after  correction 
for  temperature,  TOO.  For  A=2'6,  and  w=3'5,  P,=277  atmos- 
pheres; and  the  density  is  0'91,  or  0*975.  For  k=2'6S,  and 
u=S'5,  P^=273'6  atmospheres;  and  the  density  is  0 'BBS,  or 
0-952. 
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At  the  point  of  iDcipient  condensation  of  carbon-dioxide, 
just  below  the  "critical  temperature"  (31®  C),  for  which 
x^7'Sr  I  find  j=27l-14.  With  this  value  of  q,  and  A=4-7  I 
obtain  Pi=72'2  atmospheres.     Dr.  Andrews  found  the  elastic 

Sressure  at  the  critical  point  to  be  76  atmospheres.  The  small 
iscrepancy  results  from  the  fact  that  the  precise  critical  curve 
is  slightly  below  that  for  A;=4*7,  and  the  corresponding  molec- 
ular repulsion  is  greater  in  the  ratio  of  61,  or  62,  to  40.  Mak- 
ing the  correction,  we  have  for  Pi  76  or  76  atmospheres. 

These  two  examples  must  suffice  for  the  present  as  illustra- 
tions of  the  applicability  of  the  formula,  and  verifications  of  its 
accuracy. 

From  the  point  of  view  I  have  taken,  chemical  combinations 
consist,  essentially,  in  changes  effected  in  the  condition  of  the 
molecules  of  the  constituents,  by  which  they  are  brought  into 
approximate  correspondence,  and  take  up  the  relative  positions 
suited  to  that  uniform  condition,  just  as  a  mass  of  similar  mole- 
cules in  that  state  would  do.  The  change  of  state  consists 
simply  in  the  nearer  approach  of  the  envelopes  to  the  central 
atoms  of  the  molecules,  or  in  a  recess  from  them,  from  which 
results  a  change  in  the  value  of  the  ratio  £,  and  in  the  corres- 
ponding curve  of  effective  action.  The  determining  cause  of 
this  change  is  the  difference  in  the  mechanical  condition  of  the 
dissimilar  molecules,  more  or  less  enhanced  by  the  unequal 
operation  of  heat  or  electricity.  The  immediate  result  may  be 
either  an  expansion  of  the  one  molecular  envelope  and  collapse 
of  the  other,  or  a  collapse  of  both  incited  b^  a  now  of  electric 
ether  from  the  source  of  heat  or  electricity.  The  union  of 
chlorine  with  hydrogen  may  be  cited  as  a  probable  instance  of 
the  former,  and  the  combustion  of  hydrogen  as  an  instance  of 
the  latter.  When  metals  are  oxidized,  or  solids  undergo  com- 
bustion, we  must  suppose  there  is  a  flow  of  electric  ether  from 
the  solid  to  the  oxygen  molecule,  and  the  former  molecule 
expands  somewhat  while  the  other  contracts  to  the  dimensions 
answering  to  the  solid  condition. 

Heat,  in  its  association  with  molecules,  consists  of  the  energy 
of  recurring  pulses  and  vibrations  in  the  molecular  envelopes, 
and  has  two  modes  of  motion  or  two  dynamical  aspects,  radial 
and  tangential  The  energy  connected  with  the  former,  is  the 
origin  of  its  expansive  force.  The  propagation  of  the  latter,  in 
ethereal  waves  of  transverse  vibration,  constitutes  the  radiant 
heat  emitted  by  bodies. 

Heat  energy  may  be  expended  not  only  in  the  expansion  of 
bodies,  but  also  in  augmenting  the  potential  energy  of  the 
individual  molecules  by  enlarging  their  envelopes.  In  this 
way  a  certain  amount  of  heat  becomes  latent  in  the  process  of 
liquefaction.    A  portion  of  the  heat  of  vaporization  is  expended 


446       W.  A.  Norton — Force  of  Effective  Molecular  Actum. 

in  a  similar  manner.  The  enlargement  of  the  envelopes  here 
alluded  to  consists  in  a  recess  of  the  eflfective  envelopes  from 
the  central  atoms.  This  should  be  attended  with  a  certain 
diminution  in  the  value  of  r,  the  distance  between  the  centers 
of  attraction  and  repulsion  posited  within  the  envelopes ;  and 

therefore  with  an  increase  in  the  value  of  p  (  =  -  i.     In  fact 


<"  ^  (=  ")• 


:>he  quantitive  determinations  I  have  given,  when  compared 
with  the  results  of  experiment,  indicate  that  p  is  materially 
larger  at  the  same  temperature,  for  liquids  and  aeriform  bodies 
than  for  solids.  An  important  tendency  of  the  diminution  of 
the  value  of  r  in  liquefaction,  is  to  antagonize  the  expansion 
directly  due  to  the  enlargement  of  the  effective  molecules  and 
the  attendant  diminution  in  the  coefficient  w.  According  as 
the  one  or  the  other  of  these  two  tendencies  preponderates,  the 
mass  will  expand,  or  contract  in  the  act  of  liquefaction.  In  the 
case  of  any  special  solid  or  liquid,  the  diminution  of  r  with  a 
rise  of  temperature  tends  to  diminish  the  expansion,  and  by 
increasing  p  to  make  the  decrement  of  tenacity  less.  Any 
differences  in  the  value  of  r  that  may  subsist  with  molecules  of 
different  substances,  at  the  same  temperature,  can  only  have 
the  effect  to  alter  the  positions  of  the  substances  on  the  mole- 
cular scale.  Any  changes  or  differences  that  may  occur  in  the 
value  of  r,  in  the  case  of  the  gases,  will  have  no  effect  on  the 
molecular  repulsion  at  those  distances,  a;,  for  which  F,  in  eqo. 
1,  is  sensibly  equal  to  the  second  term,  and  therefore,  as  we 
have  seen,  the  law  of  Mariotte  holds  good  ;  since  the  repulsion 
will  still  be  the  same  for  the  same  actual  distance  between  the 
molecules.  At  less  distances  the  tendency  should  be  to  alter 
slightly  the  deviations  from  this  law. 

The  value  of  the  coefficient  of  attraction,  rz,  depends  on  the 
excess  of  the  attraction  exerted  by  the  central  atom  of  a  mole- 
cule on  its  envelope,  over  the  repulsion  exerted  on  it  by  the 
condensed  luminiferous  ether  posited  between  the  atom  and 
envelope.  The  tendency  of  a  recess  of  the  envelope  from  the 
atom  may  be  either  to  diminish,  or  augment  the  value  of  n. 
It  thus  may  happen  that  by  an  increase  of  n,  and  a  diminution 
of  r,  the  value  of  F  may  be  augmented  by  a  certain  rise  of  tem- 
perature; as  when  a  bar  of  wrought  iron  is  heated  up  to  about 
400°  F.  In  the  case  of  gases  n  may  change  somewhat  with  the 
temperature,  and  in  the  process  of  condensation. 

The  normal  type  of  solidity  is  a  fixed  distribution  of  the 
ultimate  molecules  at  the  angles  of  successive  cubes;  and  the 
fundamental  principle  of  the  stability  of  every  such  elementary 
cube  is  that  each  molecule  is  in  equilibrium,  by  itself,  with 
each  of  the  others.  As  the  distances  are  unequal,  this  im- 
plies that  k  is  smaller  in  the  diagonal  direction   than  in  the 
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direction  of  the  sides ;  and  thus  that  the  extension,  or  physical 
condition  of  the  envelope  is  unequal  in  these  directions.  It  is  in 
this  sense  that  ^'  polarity  of  atoms''  (ultimate  molecules)  exists. 
Instead  of  being  an  inherent  property  of  the  atoms,  it  is  liable 
to  change  with  varying  relations  to  other  molecules.  When 
the  mass  varies  in  density  from  one  point  to  another,  there  is  a 
gradual  variation  in  the  size  of  the  elementarv  cubes,  or  a 
gradual  transition  from  cubes  to  parallelopipedons,  or  other 
geometrical  figures,  with  attendant  variations  in  the  curves  of 
eflFective  molecular  action.  The  molecular  envelopes  of  diflfer- 
ent  substances  may  be  liable  to  different  varieties  of  polar  con- 
dition under  the  same  circumstances,  and  so  the  substances 
may  have  different  types  of  solidification,  or  crystallization. 
For  the  cubical  system  I  obtain  as  the  complete  expression  for 
the  elastic  resistance  to  a  minute  displacement  of  a  single  mole- 
cule, /+ 2/4-14/'';  in  which/is  the  force  of  resistance  devel- 
oped between  the  displaced  molecule  and  that  lying  in  the 
direction  of  the  side  of  the  cube,  by  a  displacement  s,  in  this 
direction ;  /'  the  force  of  resistance  of  a  molecule  lying  in  the 
direction  of  a  face  diagonal,  for  the  same  displacement  5,  in 
this  direction ;  and  /''  the  corresponding  resistance  of  a  mole- 
cule in  the  direction  of  the  long  diagonal.  The  value  of  the 
expression  is  the  same  in  whatever  direction  the  displacement 
occurs.  The  expression  for  the  lateral  force  developed,  as  well 
as  for  the  elastic  resistance  to  shearing,  in  the  direction  of  a 
side  of  the  cube  is  Z'+l^/".  For  any  reasonable  supposi- 
tions that  can  be  made  with  regard  to  the  comparative  values 
of  /  /',  and  /",  the  ratio  of  these  two  expressions  lies  between 
^  and  ^.  The  experimental  ratios  fall  between  these  limits. 
The  resistance  to  shearing  is  due  to  the  diagonal  forces. 

When  a  body  is  heated  to  the  point  of  liquefaction,  the 
values  of/'  and  /",  considered  as  resistances  to  tension,  which 
are  always  less  than  /  vanish  (that  is,  the  curves  fall  below  the 
axis  of  x).  There  is  therefore  no  shearing  resistance ;  which 
is  one  of  the  distinguishing  features  of  a  liquid.  When  the 
temperature  of  the  liquid  is  raised  above  the  point  of  liquefac- 
tion, effective  repulsions  must  come  into  play  in  the  diagonal 
directions.  These  repulsions  are  the  operative  cause  of  surface 
evaporation ;  and  at  the  same  time  originate  at  the  surface  the 
"  contractile  force"  which,  by  the  variations  it  experiences  from 
the  contact  of  solids,  is  the  determining  cause  of  capillary 
phenomena. 

Yale  College,  Nov.  30th,  1878. 
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Art.  LVII. — On  the  Dark  Lines  of  Oxygen  in  the  Solar  jSJiecfrwii 
on  the  leas  refrangible  side  of  0 ;  by  John  Christophkb 
Draper,  M.D.,  LL.D.,  Professor  of  Nntural  History  id  the 
College  of  tbe  City  of  New  York. 

In  a  paper  on  tbe  lines  of  oxygen,  published  in  this  Jonnal 
for  October,  1878,  the  solar  lines  closely  coincident  with  those 
of  the  electric  spectrum  of  oxygen  were  given.  The  measure- 
ments of  the  solar  lines  in  that  instance  were  taken  from  photo- 
graphs made  in  March,  1878.  Since  that  time,  under  niore 
favorable  atmospheric  conditions,  I  have  succeeded  in  obtain- 
ing  Ener  photographs  on  the  less  refrangible  side  of  G.  These 
show  manv  faint  lines,  not  visible  in  the  photographs  of  Maroli 
1878,  white  many  other  lines  are  distinctly  sub-divided.  Three 
of  the  recent  photographs  were  taken  on  the  same  day,  dnring 
the  last  week  in  November,  and  two  have  been  taken  since  that 
time;  one  during  tbe  last  week  in  January,  and  onedaringtbe 
first  week  in  February.  In  all  five  of  these  photographs  faint 
lines  are  visiblo  between  i  4316  and  >l  4820,  of  Anrtsrom's 
scale,  and  they  all  show  them  in  the  position  indicatea  by  the 
diagram  and  table.  The  fact  that  all  the  photographs  agree  in 
their  representation  of  these  lines,  is,  I  think,  proof  positive  <tf 
the  correctness  of  the  positions  assigned. 
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To  place  the  question  of  the  oxygen  lines  in  this  r^on  as 
clearly  as  possible  before  the  reader,  I  have  devised  a  diagram 
which  represents  tbe  facts  regarding  this  portion  of  the  solar 
spectrum,  together  with  the  wave  lengths  of  tbe  oxygen  hnes 
obtained  from  tbe  electric  discbarge  in  air,  and  in  oxvgen  fifls. 
Tbe  final  drawing  of  the  diagram  was  noade  for  me  by  m; 
assistant,  Mr,  SicKcls,  from  tbe  wave  lengths  given  in  the  table 
at  tbe  close  of  this  article.  Tbe  drawing  was  on  the  scale  of 
one  centimeter  to  each  wave  length.     This  was  photographed 
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down  to  one-half  its  size  by  a  photo-engraving  operation.  Prom 
the  plate  so  produced,  the  diagram  was  printed.  For  accurate 
work  the  figures  in  the  tables  should  be  employed. 

The  first  space  of  the  diagram  beneath  the  scale  of  wave 
lengths  gives  the  positions  of  the  solar  lines  of  Angstrom's 
chart 

The  second  represents  measurements  made  from  one  of  Dr. 
Butherfurd's  paper  prints  of  this  re^on.  These  measurements 
were  made  after  I  received  Mr.  Ohnstie's  paper,  with  a  view  to 
the  detection  of  any  difference  between  Dr.  Eutherf urd's  photo- 
graph and  my  own. 

The  third  space  contains  a  presentation  of  the  lines  of  this 
r^on  as  given  by  Mr.  W.  H.  M.  Christie,  of  the  Boyal  Ob- 
servatory at  Greenwich,  in  the  Monthly  Notices  of  June,  1878. 
This  I  did  not  receive  until  the  latter  part  of  last  January, 
when  I  was  much  pleased  to  find  the  close  coincidences  of 
our  results,  although  they  were  obtained  by  entirely  different 
methods,  and  without  any  knowledge  of  each  other's  work. 
Line  by  line  Mr.  Christie's  map  is  the  counterpart  of  the  spec- 
tram  1  had  mapped  from  the  photographs  taken  during  the 
last  week  in  November,  and  smce  that  tima  Not  only  do 
these  maps  agree  very  closely  in  the  placing  of  the  lines,  but 
the  similarity  in  intensity  is  also  marked.  The  presence  of 
these  faint  lines  in  Mr.  Christie's  prismatic  spectrum  settles 
any  objection  that  might  be  raised  on  the  ground  of  their  being 
interference  lines  in  the  diffraction  spectrum. 

The  fourth  space  presents  the  measurements  of  my  recently 
taken  photographs.  The  accuracy  of  adjustment  to  Angs- 
trom's scale  is  shown  by  the  coincidences  in  the  lines  X  4812*8 
and  X  4825*2.  The  comparison  of  this  with  mv  reading  of  Dr. 
Batherfurd's  photograph,  as  given  above,  while  it  shows  slight 
dififerences,  is  a  very  satisfactory  evidence  of  the  reliability  of 
the  photographic  method  of  investigating  this  problem.  It  is 
al^  a  refutation  of  the  objections  raised  by  some  to  my  sys- 
tem of  measuring  and  studying  the  lines  of  the  solar  and 
other  spectra.  Indeed,  with  proper  lenses,  and  in  competent 
hands,  the  process  I  have  followed  is  not  only  very  reliable, 
but  the  apparatus  may  be  truly  regarded  as  an  instrument  of 
precision.     Of  these  I  hope  to  give  ample  proof  hereafter. 

The  position  of  the  lines  in  this  region  of  the  solar  spec- 
tram  being  established  by  three  independent  observers,  and  the 
question  of  primary  importance,  as  Mr.  Christie  justly  calls  it, 
settled ;  we  pass  to  the  examination  of  what  these  lines  prob- 
ably represent.  First:  Oxygen.  Beneath  the  four  charts  of 
the  solar  spectrum,  I  have  placed  five  sets  of  measurements  of 
the  oxygen  lines  in  the  vicinity  of  G.  Beginning  below.  Hug- 
gins  gives  a  single  line  at  ^4818.      The  other  observers  all 
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divide  this,  H.  Draper  places  the  two  branches  at  X  4317  and 
;i  4319  ;  Plucker  at  ;i4317  and  ;i4320.  My  own  readings  are  at 
;i  4316 -50  and  ;i  431975.  Those  of  Angstrom's  chart  are  at 
;i  4316-57  and  ;i  4319-15. 

In  the  above  measurements,  those  for  the  more  refrangible 
line  are  all  within  one-half  of  a  wave  length.  The  readings 
of  the  other  line  are  within  one  wave  lenfftn.  In  these  posi- 
tions there  are,  therefore,  oxygen  lines,  and  in  the  same  r^ons 
of  the  solar  spectrum,  Dr.  Kutherfurd,  Mr.  Christie,  and  my- 
self, agree  in  nnding  faint  dark  lines.  More  than  this ;  grant- 
ing that  the  forked  symbols  of  Angstrom's  chart  indicate,  (and 
I  cannot  understand  what  else  they  meanj  that  the  observer 
believed  that  the  line  ^4316*57  is  divisiole  into  two  lines, 
placed  at  ;i  4316-20  and  jl  4316-95,  and  the  line  ;i  4819-15,  into 
two,  placed  at  jl  48 18-85  and  ^l  4819 '45,  we  find  that  the  three 
charts  of  the  solar  spectrum  gives  lines  which  are  very  nearlv 
coincident  with  the  readings  of  these  forked  symbols.  It  is 
not  often  that  the  results  obtained  by  so  many  independent 
investigators  agree  as  closely  regarding  a  problem  to  be  solved 
only  bv  observation  and  experiment,  and  considering  the  small- 
ness  of  a  wave  length,  and  the  difficulty  of  making  such  meas- 
urements, the  agreements  must  be  r^arded  as  favoring  strongly 
the  identity  of  these  feeble  lines  of  the  solar  spectrum  wita 
the  lines  of  the  electric  spectrum  of  oxygen. 

Among  the  obstacles  in  the  way  of  comparing  the  electric 
lines  of  oxygen  with  those  of  the  solar  spectrum,  and  which  in 
part  explains  the  discrepancies  that  exist  in  the  measurements 
of  the  lines  of  oxygen,  is  the  difficulty  in  making  exact  meas- 
urements of  these  lines.  Of  this  difficulty  Plucker  speaks  in 
a  memoir  on  the  oxygen  spectrum  in  the  PhiL  Trans,  for  1865. 
In  the  same  memoir  he  also  discusses  the  variation  in  the 
breadth  of  the  lines,  and  the  variation  in  this  variation,  in 
different  parts  of  the  electric  spectrum  of  oxygen.  The  posi- 
tions given  by  Plucker  and  myself  agree  closely,  although  he 
gives  no  fractions.  We  both  used  two  prisms  of  flint-glass, 
though  at  times  he  used  four.  Pliicker's  results,  and  my  own, 
were  obtained  in  pure  oxygen  gas,  while  those  of  H.  Draper,  and 
of  Angstrom's  chart,  were  from  the  electric  spark  in  air.  This 
may  possibly  explain  why  they  agree  in  differing  slightly  from 
Plucker  and  myself. 

In  the  measurement  of  the  lines  of  the  solar  spectrum  made 
by  Mr.  Christie,  the  spectroscope  was,  he  says,  equal  in  dis- 
persion to  fifteen  prisms  of  60°.  Dr.  Rutherfurd's  photographs 
and  mine  were  made  by  means  of  Rutherfurd's  gratings  of  over 
17,000  lines  to  the  inch,  mine  being  by  reflection  and  in  the 
second  order.  The  great  dispersion  thus  brought  to  bear  upon 
the  solar  spectrum,   is,  I  think,  the  explanation  of  the  sub- 
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division  in  that  spectrum,  of  the  electric  oxjgen  lines  given  as 
two,  by  Pliicker,  H.  Draper  and  raysel£  I  do  not  know  what 
the  dispersion  power  was,  nor  the  exact  electric  conditions  that 
gave  the  forkea  symbols  of  oxygen  in  Angstrom's  chart ;  but 
whatever  the  dispersion,  and  whatever  the  electric,  and  conse- 

3uent  thermal  or  other  condition,  they  seemed  to  have  pro- 
uced  results  very  close  in  their  relation  to  those  in  recent 
photographs  of  the  solar  spectrum. 

Discussing  the  existence  of  bright  lines  of  oxygen  in  the 
solar  spectrum  at  >14817  and  J14819,  Mr.  Christie  directs  atten- 
tion to  the  opposing  fact,  that  the  spaces  at  J14815  and  4821*6 
on  Dr.  Rutheriurd^s  photograph  are  both  brighter  than  those 
at  X  4817  and  X  4819.  This  is  also  shown  by  my  photographs, 
in  which  the  slit  was  sufficiently  narrow.  I  may  add,  that 
there  are  in  my  photographs,  and  in  that  of  Dr.  Rutherfurd,  in 
the  region  from  4290  to  4801,  many  lines  brighter  than  any  in  the 
spaces  mentioned.  Accepting  these  as  being  the  true  measures 
of  brilliancy  of  the  bright  background  of  the  spectrum  in  this 
region — and  there  is  no  reason  why  we  should  not  do  so— 
we  are  justified  in  saying,  that  from  ^4814  to  ^4822,  and  par- 
ticularly in  the  vicinity  of  ^4817  and  X  4819,  there  is  something 
in  the  solar  envelopes,  which  by  absorption,  reduces  the  bril- 
liancy of  the  spectrum.  In  addition  there  are  also  faint  lines 
which  occupy  the  positions  of  certain  electric  oxygen  lines. 

If  these  faint  dark  lines  are  not  the  result  of  the  action  of 
oxygen,  to  what  other  cause  are  they  to  be  attributed  ?  Besides 
the  well  marked  lines  of  calcium  and  titanium,  no  one  places 
lines  of  any  element  here  except  Huggins,  who  claims  a  weak 
strontian  line  at  >14819,  and  a  carbon  line  as  given  at  X  4820,  in 
Watts'  Index.  The  space  from  ^4815  to  ^4818  is  free  from 
any  claimant,  and  here  there  are  lines,  representing  the  posi- 
tion of  the  line  of  oxygen,  upon  which  nearly  all  the  meas- 
urements closely  agrea  It  appears  to  me  that  this  want  of 
any  other  explanation,  is  a  fact  of  importance  by  no  means  to 
be  overlooked,  in  arriving  at  the  true  solution  of  the  problem 
of  the  oxygen  lines. 

In  the  table,  the  wave  lengths  of  all  the  lines  of  the  solar 
spectrum  in  this  region  are  given,  according  to  Angstrom's 
scale.  In  Dr.  Rutherfurd's  photograph,  I  think,  several  of  the 
lines  are  subdivided,  according  to  the  figures  presented  in  the 
last  column.  An  inspection  of  the  original  photograph  of 
the  spectrum  itself*  is  required  to  decide  this  matter,  as  the 
enlarged  paper  print  in  my  possession  is  not  entirely  satisfactory, 
giving  onlv  the  appearance  of  subdivision  as  I  have  recorded. 

Conclusions. — 1st.  The  regions  in  the  solar  spectrum  at  >l  4317 
and  J14319  claimed  as  bright  lines  of  oxygen,  are  not  as  bright 
as  others  in  their  immediate  vicinity. 
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2d.  The  solar  spectrum  shows  faint  dark  linea  in  the  r^oQ 
about;  4317  and  ;4S19. 

Sd,  Oxj^gen  ia  the  substaoce  which  can  prodace  dark  lines 
in  this  r^oQ,  therefore  we  must  attribute  them  to  the  presence 
and  action  of  that  element 
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Art.  LVIIL — On  the  Genesis  of  Cinnabar  Deposits  ;* 

by  S.  B.  Christy,  Ph.B. 

The  study  of  the  origin  of  mineral  veins  has  developed  no 
fact  more  clearly  than  tne  great  importance  as  a  transforming 
agent  of  solutions  of  the  alkaline  sulphides  and  carbonates.  A 
constantlj^  increasing  number  of  geological  phenomena  are  be- 
ing explained  by  their  influence,  and  the  importance  which  was 
given  to  the  sublimation  theories  by  the  older  geologists  is 
gradually  diminishing. 

The  ores  of  mercury,  however,  partly  from  the  fact  that  thev 
have  been  but  little  studied,  and  partly  from  the  ease  with 
which  they  are  volatilized,  together  with  the  difficulty  of 
accounting  for  their  solution  in  any  of  the  reagents  which 
exist  in  nature,  have  generally  been  regarded  as  formed  bysub- 
limation.  Even  in  so  recent  a  work  as  that  of  M.  H.  Kuss, 
(M6moire  sur  les  Mines  et  Usines  d'  Almaden,  reprint  from 
Annales  des  Mines,  p.  47),  the  author  says :  "  We  should 
always  recognize  in  cinnabar  the  character  of  a  vein  substance 
carried  to  the  sur&ce  very  probably  in  a  state  of  vapor." 

The  purpose  of  the  present  paper  is  a  discussion  of  the  two 
theories  as  to  the  formation  of  cinnabar  deposits.  We  shall 
endeavor  to  find  an  answer  to  the  question,  "  Are  cinnabar 
deposits  produced  by  sublimation,  or  are  they  deposited  from 
solution  r  In  considering  this  question,  it  will  be  necessary  to 
briefly  review  the  facts  to  be  explained,  and  the  present  state  of 
knowledge  of  certain  of  the  compounds  of  mercury.  The  sub- 
ject will  therefore  be  divided  as  follows: 

First  The  facts  to  be  explained — a  brief  synopsis  of  the  na- 
ture of  some  of  the  more  important  cinnabar  deposits. 

Second.  Some  of  the  more  important  properties  of  cinnabar. 

TTiird.  The  results  of  some  original  investigations  upon  this 
suWect 

Fourth.  A  comparison  of  the  relative  probabilities  of  the  two 
theories. 

First. — ^The  Gharactbristics  of   some  of  the  more  impor- 
tant Cinnabar  Deposits. 

I  begin  with  the  deposit  with  which  I  am  personally  ac- 

3aainted,  that  of  New  Almaden.     This  has  already  been  well 
escribed  by  Professor  Silliman  in  this  Journal,  but  a  statement 
of  its  principal  points  may  not  be  out  of  place. 

The  New  Almaden  quicksilver  mine  is  situated  about  thir- 
teen miles  southwest  of  San  Jose,  California,  in  a  low  range  of 

*  A  paper  read  before  the  Geological  Section  of  the  California  Academy  of 
Sciencee,  Dea  14,  1878. 
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hills.  This  range  begins  at  the  Hacienda  Creek  and  runs  par- 
allel to  the  Coast  range  for  about  four  miles,  where  it  is  cut  by 
the  Guadelupe  Creek.  These  hills,  so  far  as  exploited,  are  com- 
posed of  serpentines  overlaid  by  magnesian  schists  which  are 
nearly  always  black.  On  analysis  they  were  found  to  contain, 
besides  silicate  of  magnesia,  a  great  deal  of  iron  and  considerable 
alumina.  Overlying  these  are  other  schists,  which  become  more 
and  more  aluminous,  until  finally  they  change  into  clay  slates. 
These  latter  rocks  are  everywhere  greatly  metamorphosed,  in 
some  cases  so  much  so,  that  they  approach  the  darker  ferrugin- 
ous varieties  of  jasper  both  in  appearance  and  hardness.  All 
of  these  overlying  schists  have  the  same  general  dip  as  the  sur- 
face of  the  hills  themselves,  modified  of  course  more  or  less  by 
subsequent  erosion.  The  serpentine  gave  as  the  result  of  quah- 
tative  analysis,  lar^e  amounts  of  magnesia  and  silica,  with 
smaller  amounts  of  iron  and  alumina,  and  traces  of  chromium, 
manganese,  calcium  and  nickeL 

Lying  between  these  magnesian  schists,  to  which  the  Mexi- 
can miners  have  given  the  name  "Alta,"  and  the  Cornish- 
men  "  Hanging  Wall,"  and  the  serpentine  beneath  is  found  the 
deposit  of  cinnabar.  The  "  vein  matter  "  itself  appears  to  be  a 
serpentine  somewhat  altered  by  infiltrated  waters.  It  is  some- 
times extremely  hard  and  tough  and  difficult  to  mine ;  at  other 
times  it  is  soft  and  fragile.  A  qualitative  analysis  of  a  speci- 
men of  the  former  kina  selected  oy  the  mining  captain  as  the 
hardest  rock  in  the  mine  proved  it  to  contain  besides  the  cinna- 
bar, the  same  ingredients  as  the  serpentine  itself,  viz  :  hydrated 
silicate  of  magnesium,  with  small  amounts  of  iron,  chromium, 
calcium  and  nickel. 

Associated  with  the  cinnabar  are  found  dolomitic  crystals  of 
pearl  spar,  iron  pyrites,  chlorite,  and  extremely  seldom  crystals 
of  quartz.  Another  notable  fact  is  the  occurrence  of  a  bitu- 
minous substance  resembling  idrialite.  This  substance  is 
wrongly  stated  by  Mr.  Kuss,  in  the  memoir  above  cited,  to  be 
"  a  veritable  coal."  It  is  not  a  true  coal.  It  sometimes  has  the 
external  appearance  of  a  soft  bituminous  coal,  but  when  heated 
melts  and  flows  like  bitumen.  Ordinarily  it  is  found  in  the 
liquid  condition,  and  flows  from  the  drusal  cavities  in  which  it 
is  contained  when  they  are  opened.  When  strongly  heated  it 
gives  off  highly  inflammable  hydro-carbon  vapors,  and  leaves 
an  intumescent  coke  which  is  very  light  and  fragile,  and  bums 
with  scarcely  any  ash.  Sometimes  the  schists  spoken  of  are 
impregnated  with  a  hydro-carbon  more  like  petroleum,  as  in 
the  1,500  and  1,600  feet  levels  of  the  Eandol  shaft 

In  that  part  of  the  mine  known  as  the  Cora  Blanca,  there  is  a 
sheet  of  dolomitic  limestone  which  extends  from  the  top  to  the 
bottom  of  the  mine.     This  lies  immediately  beneath  the  Alta 
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in  most  cases,  although  some  ore  has  been  found  above  it  It 
varies  in  thickness  from  one  to  two  feet.  In  analyzing  this 
there  was  found  a  very  small  residue  insoluble  in  the  hydro- 
chloric acid,  which  under  the  microscope  proved  to  contain 
fragments  of  iron  pyritea  (The  substance  had  been  pow- 
dered.) 

In  the  various  workings  there  occurs  sandstone,  particularly 
in  the  Cora  Blanca  The  sandstones  seem  always  to  overlie  the 
"vein  matter,"  though  in  the  latter  mine  they  are  sometimes 
impregnated  with  cinnabar,  and  are  said  to  have  contained  when 
first  opened,  some  native  mercury.  The  exact  position  and  signifi- 
cance of  these  latter  rocks  I  have  not  as  yet  been  able  to  deter- 
mina  It  is  altogether  probable,  however,  that  they  are  more 
or  less  local  in  their  origin,  being  the  result  of  slightly  varying 
conditions  which  existed  during  their  deposition.  Such  a 
supposition  would  account  for  the  gradual  change  of  the 
sanostones  into  slates,  which  often  takes  place  in  such  a  man- 
ner as  to  make  it  difficult  to  determine  to  which  class  to 
assi^  them. 

iNative  mercury  occurs  rarely ;  chiefly  in  the  sandstones  of 
the  Cora  Blanca,  but  also  in  the  1,500  and  1,600  feet  levels 
of  the  Bandol  shaft,  where  it  ran  out  of  the  shattered  Alta 
upon  opening  out  the  vein-matter  at  places  where  it  was  much 
broken  up  by  faulting. 

In  man^  cases  the  micro-crystals  of  cinnabar  are  most  inti- 
mately mixed  with  those  of  dolomite,  and  occasionally  with 
those  of  (juartz.  The  cinnabar  even  when  apparently  pure  to 
the  eye,  is  so  thoroughly  impregnated  with  bitumen  that  a 
lump  of  it  when  distilled  out  of  contact  with  the  air  leaves  a 
carbonaceous  residue. 

Throughout  this  interesting  mine  there  are  many  evidences 
both  of  chemical  and  of  mechanical  action. 

A  strongly  alkaline  spring  with  free  carbonic  acid  (the  New 
Almaden  Vichy  spring)  is  still  active  at  the  Hacienda.  Occa- 
sionally springs  with  sulphydric  as  well  as  carbonic  acid  are 
openedf  by  the  drifts.  In  the  mine  "  slickenslides,"  or  surfaces 
polished  as  smooth  as  glass  by  slipping  on  each  other,  are  fre- 
quently met  with;  and  often  large  masses  of  serpentine  are 
broken  off  bodily  and  are  buried  in  the  superincumbent  mass 
of  Alta. 

The  ore  is  very  irregularly  distributed  throughout  the  vein- 
matter,  frequently  disappears  altogether  and  reappears  in  such 
an  uncertain  manner  that,  despite  the  well  established  course 
of  the  ore  body,  or  rather  of  the  **  alta  "  or  "  hanging  wall," 
there  is  required  a  great  deal  of  skill  and  judgment  for  the 
proper  exploitation  of  the  mine. 

The  Gaudelupe  and   the  now  abandoned  Enriquita  mines 
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appear  to  belong  to  the  same  formation  ;  bat  it  would  require 
a  thorough  examination  of  all  of  this  series  of  mines  to  trace 
out  this  and  other  interesting  questions.  I  have  dwelt  thus 
long  upon  some  of  the  characteristics  of  this  mine  because  it  is 
in  many  respects  typical.* 

Von  Cotta  in  his  Erz  lager  StdUe^  vol.  ii,  p.  616,  gives  the  fol- 
lowing as  the  characteristics  of  theprincipal  cinnabar  mines  of 
Ehenish  Bavaria,  Bohemia,  Alps,  Upper  Italy  and  Spain  : 

Country  Rocks: — Sandstone,  clay -schists,  trachyte,  talcose 
mica  slate,  limestone  and  quartzose  mica  slate. 

Ore  matter. — Cinnabar,  blende,  ^lena,  tetrahedrite,  limonite, 
amalgam,  copper  pyrites,  iron  pyrites,  silver  ores,  native  quick- 
silver, horn  quicksilver,  idrialite,  lebererz,  magnetic  iron  pyrites. 

Vein  filling. — Quartz,  homstone,  heavy  spar,  calc  spar, 
dolomite,  spathic  iron,  gypsum.f 

Such  a  general  distribution  of  carbonates  certainly  argues 
against  the  sublimation  hypothesis.  With  a  few  exceptions 
these  cinnabar  deposits  are  not  in  immediate  relation  to  igneons 
rocks,  but  are  nearly  always  found  in  metamorphic  rocks.  In 
some  cases,  seven  out  of  sixteen,  Von  Cotta  describes  these 
deposits  as  veins,  the  others  as  in  clefts  (klufie\  layers  or  im- 
pregnations. Usually,  with  the  notable  exception  of  Almaden 
in  Spain,  cinnabar  does  not  seem  to  occur  in  true  fissure  vdns, 
but  rather  to  be  interspersed  in  the  ore  body  in  a  very  irr^olar 
manner,  as  is  indicated  by  the  term  "impregnation." 

Second. — The  Chemical  Properties  op   some    of   the  Salts 

OF  Mercury. 

The  inquiry  here  becomes  at  once  limited  within  very  nar- 
row boundaries. 

The  stable  salts  of  mercury  which  could  exist  in  any  natural 
mineral  waters  are  very  few.  The  mercuric  chloride  is  at  first 
sight  the  most  probable  one,  the  sulphate  not  existing  in  solu- 
tion except  in  the  presence  of  a  free  acid.  Still,  salts  of  mer- 
cury have  been  proved  to  exist  in  at  least  one  mineral  water. 
In  the  analysis  of  the  spring  "  du  Rocher,":^  there  is  given  as  a 
constituent  of  the  water  a  small  amount  of  mercury.  It  was 
very  small ;  the  total  amount  of  all  the  heavy  metals,  includ- 
ing mercury,  estimated  together  was  only  0*008  grams  per  liter. 
But  the  author  states  that  he  obtained  enough  mercury  from 
500  liters  to  exhibit  it  in  the  metallic  state. 

*  For  another  description  of  this  and  other  deposits  in  California,  etc.,  with 
other  interesting  facts,  see  "  Lea  Gisements  de  Mercure  de  Califomie,"  par  M.  6. 
Holland,"  Annales  des  Mines,  1878,  and  also  ''Bulletin  de  la  Societe  Mineralogiqoe 
de  France,  1878;  Bull.  No.  6." 

f  For  a  full  description  of  the  deposits  of  Almaden  in  Spain,  see  the  article  of 
Mr.  Kuss  above  cited,  pp.  10-49,  or  translation  by  the  writer,  pp.  6-19-20. 

J  St.  Nectaire-le-haut,  Puy-de-Dome,  by  M.  Glarigon,  Comptes  Rendus,  toI. 
xxxiv,  p.  936. 
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It  seems  much  more  probable,  however,  that  the  salt  of  mer- 
cury usually  regarded  as  the  most  insoluble  is  the  one  in  which 
we  are  directly  interested,  i.  e.  the  mercuric  sulphide.  This 
salt,  while  insoluble  in  almost  everything  else,  is  well  known  to 
be  soluble  in  solutions  of  the  alkaline  sulphides  containing  free 
alkali.  This  fact  is  recognized  both  by  Rose  and  Fresenius,  but 
I  have  been  unable  to  find  any  exact  statements  as  to  the  de- 
gree of  solubility.  Prol  V.  Stein,  in  Dingler's  Poly  tech  nisches 
Journal,  vol.  cxxxviii,  p.  890,  states :  **  I  found  thatsulphydrate 
of  sodium  as  well  as  potassium  dissolved  cinnabar  even  in  the 
cold  with  the  same  ease  as  water  dissolves  sugar."  This  state- 
ment is,  to  say  the  least,  a  great  exaggeration.  He  also  states 
that  the  polysulphides  of  the  alkalies  failed  to  dissolve  any 
noticeable  trace  of  the  sulphide  of  mercury.  Fresenius*  finds 
that  yellow  sulphides  of  ammonium  dissolve  traces  of  sulphide, 
of  mercury,  particularly  in  the  cold.  Barfoedf  states  that  while 
sulphides  of  sodium  and  potassium  dissolve  mercuric  sulphide 
salphydrates  of  the  alkalies,  as  well  as  sulphydrates  to  which 
sulphur  has  been  added,  fail  to  do  so. 

On  the  other  hand.  Dr.  R.  Weber:^  states  that  he  found  that 
sulphide  of  potash  dissolves  the  mercuric  sulphide  only  in  the 
presence  of  free  potash  or  soda.  Moreover,  that  the  addition 
of  carbonic  acid,  sulphydric  acid,  or  flowers  of  sulphur,  precipi- 
tates the  mercury  from  such  a  solution  completely. 

Again  it  is  well  known  that  the  polysulphides  of  the  alkalies 
change  the  black  variety  into  cinnabar,  which  could  hardly  be 
the  case  unless  partial  solution  had  taken  place.  Also,  that 
when  mercuric  sulphide  is  slowly  deposited  from  such  solu- 
tions cinnabar  results,  but  when  rapidly  deposited  as  by  dilu- 
tion, etc,  the  black  or  amorphous  modification ;  finally,  that 
cinnabar  volatilizes  out  of  contact  with  the  air  at  a  little  below 
red  heat,  depositing  cinnabar  when  slowly  cooled,  and  the 
amorphous  variety  when  rapidly  cooled. 

Such  in  brief  is  at  present  the  not  altogether  satisfactory  state 
of  knowledge  on  this  subject 

ThIBO. EXPBRIMBNTS   UPON  THB  SOLUBILITY  OP   MbRCUBIC   SuL- 

PHiDB  IN  Solutions  op  thb  Alkalinb   Sulphides  at  high 
tbmpbbatubbs  and  prbssubbs. 

The  great  difficulty  of  accounting  for  the  deposits  of  cinna- 
bar in  the  wet  way  has  always  been  the  difficulty  of  finding 
any  natural  solvent  for  this  substance.  The  experiments 
of  Weber,  cited  above,  show  that  as  soon  as  the  free  alkali  is 
neutralized  either  by  carbonic  or  sulphydric  acid  the  mercuric 
mlphide  is  precipitated  completely  from  its  solution  in  the  alka- 

♦Zeitschrift  fGr  anal3rti8che  Chemie,  vol.  iii,  p.  140. 

{Journal  fur  praktlsche  Chemie,  toI.  xdiif  p.  244. 
Poggendorff*B  Ann,  d.  Phja.  u.  Ohem.,  vol.  xcvii,  p.  76. 
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line  sulphides ;  and,  as  free  alkali  is  not  known  to  exist  in  any 
natural  mineral  waters,  the  question  has  still  remained,  "In 
what  has  this  substance  been  dissolved,  if  we  are  to  suppose  it 
to  have  been  formed  in  the  wet  way?" 

The  classic  researches  of  Daubr6e  on  metamorphism,*  and 
those  of  De  S6narmontt  on  the  formation  of  mineral  veins  in 
the  wet  way,  as  well  as  the  fact  that  these  solutions  must  have 
originally  acted  at  higher  pressures  and  temperatures  than  tboee 
of  the  atmospheric  waters,  led  to  the  following  investigatiood. 

Impressed  with  the  idea  that  moderate  increase  of  tempera- 
ture and  pressure  might  possibly  bring  about  the  desired 
results,  I  was  led  to  adopt  a  more  easily  manageable  apparatus 
than  that  used  by  the  investigators  already  mentioned. 

For  this  purpose  I  used  a  Papin's  digester  of  gun  metal, 
about  7f  inches  high,  8^  inches  in  outer  diameter,  and  fy 
inch  thick.  This  vessel  was  calculated  to  stand  with  safety  a 
pressure  of  650  to  700  Iba  per  square  inch.  It  was  provided 
with  a  safety-valve  so  that  the  pressure  could  be  easily  re- 
lated at  any  point,  and  as  an  additional  check  it  was  heated  in 
a  bath  of  iron  filings,  so  that  the  temperature  could  be  approx- 
imately determined.  The  whole  was  surrounded  by  a  sheet- 
iron  shell  to  guard  against  the  danger  of  explosion.  The 
digester  was  heated  by  an  ordinary  Bunsen  burner.  The  sub- 
stances to  be  experimented  upon  were  enclosed  in  glass  tabes 
usually  sealed  at  both  ends,  but  occasionally  open  at  the 
top  so  as  to  allow  the  contents  to  slowly  evaporate  under  pres- 
sure, after  the  water  in  the  digester  itself  had  evaporated 
through  the  safety  valve. 

The  only  disadvantage  of  using  this  form  of  apparatus  was 
the  difficulty  of  determining  when  the  water  was  entirely  evap- 
orated. This  led  to  several  explosions  o'f  the  sealed  tubes 
within  the  digester  and  the  consequent  loss  of  many  days' 
work.  The  joints  were  all  made  with  a  lead  packing,  as  paper, 
leather,  etc.,  would  not  resist  the  high  temperatures  at  which 
the  experiments  were  conducted.  The  highest  tenaperatures 
reached  were  in  the  neighborhood  of  250°  C.  (482°  F.).  The 
thermometer  at  the  bottom  of  the  bath  of  iron  filings  indicated 
860°  C.  and  at  the  top  150°  to  200°  C. 

The  first  experiment  made  was  with  a  tube  containing  amor- 
phous mercuric  sulphides  with  a  solution  of  potassic  sulphy- 
drate  (potash  solution  saturated  with  sulphydric  acid.)  The 
tube  was  open  at  the  top  and  its  contents  were  allowed  to  evap- 
orate to  half  their  bulk  (after  the  water  in  the  digester  was 
evaporated)  under  a  pressure  of  150  lbs.  per  square  inch.  The 
temperature  was  about  180°  C.  The  operation  was  continued 
five  hours.     The  sulphide  was  entirely  changed  to  a  red  pow- 

*  Ann.  des  Mines,  5  Sorie,  vol.  xvi,  p.  155  and  393. 
f  Ann.  de  Ghem.  et  Phjs.,  vol.  xzxii,  p.  129. 
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der  and  the  next  day  the  tube  was  found  to  contain  a  beau- 
tiful coherent  mass  of  crystals  of  cinnabar,  recognizable  by  the 
naked  eye,  simulating  the  crystals  which  occur  in  nature  very 
perfectly.  They  appeared  to  be  rhombohedrons,  although  I 
nave  not  been  able  to  determine  this  with  certainty. 

Subsequently  a  large  number  of  experiments  were  made, 
all  with  closed  tubes,  upon  various  solutions  in  contact  with 
amorphous  mercuric  sulphide,  for  the  purpose  of  determining 
the  action  of  these  different  reagents.  The  temperatures  varied 
from  about  200°  to  about  260°  C,  and  the  pressures  from  2tt0 
to  600  lbs.  per  square  inch.  The  determinations  of  the  pres- 
sures were  not  perfectly  exact,  owing  to  the  difficulty  of  mak- 
ing the  valve-seat  bear  with  perfect  uniformity.  The  duration 
of  the  heating  varied  in  the  different  experiments  from  three  to 
ten  hours,  and  in  each  case  the  digester  with  its  contents  was 
aUowed  to  cool  undisturbed  till  morning. 

The  results  of  these  experiments  are  as  follows : 

Solutions  of  sodium  bicarbonate  did  not  change  the  amor- 
phous variety  of  mercuric  sulphide  to  cinnabar.  Solutions  of 
water-glass  were  equally  powerless.  But  when  through  either 
of  these  solutions  sulphydric  acid  was  passed,  and  nie  tubes 
were  again  heated  in  the  digester,  the  transformation  was 
complete.  Polysulphide  of  potassium  as  well  as  sulphydrate 
changed  the  amorphous  sulpnide  very  rapidly  and  completely. 
The  presence  of  excess  of  carbonic  acid  seemed  to  retard  the 
formation  without  being  able  to  prevent  it  The  cinnabar 
formed  was  usually  in  the  state  of  micro-crystals,  like  Vermil- 
lion, but  often  they  were  larger  and  more  Hkc  the  native  cinna- 
bar in  appearance,  though  they  were  so  minute  as  to  make  the 
determination  of  the  crystalline  form  extremely  difficult  In 
all  cases  when  the  transformation  had  taken  place,  the  liquid 
would  stain  the  skin  deep  black,  as  is  usual  when  mercuric  sul- 
phide is  dissolved  in  alkaline  sulphides.  This  would  be  an 
additional  proof,  if  one  were  needed,  that  solution  had  taken 
place. 

Finally,  I  was  led  to  try  the  effect  of  heating  the  amorphous 
sulphide  with  the  New  Almaden  Vichy  water,  to  which  sulphy- 
dric acid  had  been  added.  This  water  as  analyzed  by  E. 
Piquet,  Mining  and  Scientific  Press,  voL  xviii,  p.  860,  has  the 
following  composition : 

"  Bicarbonate  of  soda 60'3  grains. 

Bicarbonate  of  lime •   8*0       " 

Sulphate  of  lime 10-6       " 

Sulphate  of  magnesia 3*0       " 

Chloride  of  sodmm 8*4      " 

Oxide  of  iron 1'2      " 

Silica traces." 

Carbonicacid 28*2      " 
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This  amount  was  contained  in  a  bottle  of  two  poanda. 

Sulphydrie  acid  was  passed  into  this  water  for  half  an  honr, 
an  equal  amount  of  mineral  water,  and  some  black  mercoric 
sulphide  were  added  to  it,  and  the  mixture  was  treated  in  the 
digester,  while  a  similar  experiment  was  carried  on  at  the  ordi- 
nary pressure  of  the  atmosphere  and  a  temperature  of  100°  C 
The  temperature  of  the  digester  was  not  more  than  180°  C, 
and  the  pressure  140  to  150  lbs.  The  time  in  both  cases  was 
two  hours.  The  sulphide  which  was  treated  in  the  open  air 
was  unchanged  even  when  examined  with  the  microsoone, 
while  that  treated  in  the  digester  was  brownish  red  even  to  tne 
naked  eye,  while  under  the  microscope  it  showed  itself  to  be 
composed  of  a  small  amount  of  as  yet  unchanged  amorphous 
sulpnide,  and  a  larger  amount  that  was  completely  transformed 
to  cinnabar.     Crystals  were  not  visible  witn  the  powers  used. 

This  mineral  water,  therefore,  when  the  single  ingredient  of 
sulphydrie  acid  is  added  to  it  is  capable  of  dissolving  mercuric 
sulphide,  and  of  depositing  it  from  solution  in  the  crystalline 
form  when  it  is  slowly  cooled. 

FouBTH. — ^The  RrvAL  Theobibs. 

It  would  be  idle  to  attempt  to  follow  the  mercuric  com- 
pounds from  their  existence  in  the  nebulous  mists  to  the  ore 
deposits  in  which  they  are  found  to-day,  but  it  is  altogether 
probable,  from  the  great  permanence  of  the  mercuric  sulphide, 
that  the  mercury  salts  would  be  precipitated  in  that  form  soon 
after  the  waters  had  been  deposited,  and  that  the  mercurv^  would 
be  found  in  that  as  sulphide  in  the  earliest  sedimentary  deposits. 
On  the  one  hand  we  have  the  sublimation  hypothesis  to  ac- 
count for  the  present  position  of  these  ore  aeposits,  and  on 
the  other  the  solution  theory.  Now,  while  it  is  probable  d 
priori  that  as  these  deposits  were  buried  deeper  and  deeper  by 
subsequent  debris,  that  the  interior  heat  of  the  earth  would 
raise  tnem  to  such  a  temperature  that  if  sufficiently  exteristve 
fissures  were  to  occur  volatilization  might  ensue,  and  the  vapors 
would  rise  upward  to  such  points  as  would  permit  their  recon- 
densation  ;  and  while  it  is  possible  that  in  special  cases  as  in 
the  vicinity  of  eruptions  of  true  igneous  rocks  such  may  be  the 
case,  at  the  same  time  it  is  probable  that  the  deposits  as  they  exist 
to-day  in  situ  are  tfie  result  of  the  action  of  mineral  waters^  which 
act  either  by  leaching  out  th^  cinnabar  from  neighboring  rocks,  or 
more  probably  by  bringing  it  from  lower  rocks. 

In  support  of  this  position  are  the  following  facts :  In  the  first 
place,  cinnabar  volatilizes  only  at  just  below  a  red  heat  (500°  C), 
when  exposed  to  the  ordinary  pressure  of  the  atmosphere. 
Now,  if  we  take  the  increase  of  temperature  as  1°  C.  for  each 
100  feet  below  the  surface,  it  would  take  a  depth  of  nearly 
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50,000  feet  to  give  this  temperature.  At  New  Almaden,  for 
example,  which  is  certainly  not  in  the  immediate  vicinity  of 
volcanic  rocks,  since  the  cinnabar  outcrops  upon  the  summit  of 
the  hills,  we  should  have  to  assume  an  erosion  to  have  taken 
place  of  nearly  nine  and  a  half  miles  of  strata.  The  £^e  of  the 
formation  (pronounced  Cretaceous  by  Pro£  J.  D.  Whitnev,  in 
the  Geological  Survey  of  California),  nardly  admits  of  such  an 
hypothesis.  On  the  other  hand  it  is  impossible  that  the  fold- 
ings, etc,  due  to  mechanical  action,  occurring  as  they  usually 
do  so  gradually,  could  have  given  rise  to  the  necessary  tempjer- 
ature.  And  even  assuming  that  at  the  time  of  the  lormation 
there  was  a  rate  of  increase  of  temperature  with  depth  three 
times  as  great  as  at  present,  it  would  still  require  a  depth 
below  the  surface  of  tnree  miles  to  give  such  a  temperature. 

Not  only  so,  but  at  such  a  depth  the  enormous  pressure  of 
superincumbent  strata  would  greatly  increase  the  heat  neces- 
sary for  sublimation.  This  fact  is  well  illustrated  by  the  case 
of  water.  The  natural  rate  of  increase  of  temperature  due  to 
internal  heat  can  never  be  great  enough  to  convert  water  into 
steam  except  by  the  presence  of  local  igneous  rocks.  Pfafif,  in 
his  Geologic  als  £xacte  Wissenschaft,  p.  112,  shows  this  by  the 
following  tabla 


i>eptti  in  feet. 

Tempenttore. 
Cemlgnde, 

Prewnre  of  water 
In  atmoepheres. 

TeniionofBteam 
in  atmosplieree. 

10,000 

20,000 

80,000 

100,0)00 

200,000 

100 

200 

800 

1000 

2000 

300 

600 

2400 

3000 

6000 

1- 

15-3 

1416- 

1877- 

2403- 

The  third  column  gives  the  weight  in  atmospheres  of  a  col- 
umn of  water  of  a  height  equal  to  the  depth ;  this  is  the  mini- 
mum pressure  to  which  it  can  be  exposed,  unless  we  suppose 
an  extensive  fissure  filled  only  with  air  and  extending  far  up- 
ward. The  fourth  column  gives  the  tension  of  steam  at  the 
teinperatures  corresponding  to  the  depths  calculated  according 
to  Renault's  formula.  It  is  evident  that  under  these  condi- 
tions the  water  will  never  boil  at  any  depth  except  in  cases  of 
local  eruptions  of  volcanic  rocka  Although  there  have  not 
been,  to  my  knowledge,  any  determinations  of  the  elastic  force 
of  cinnabar  vapor,  it  is  probably  less  than  that  of  steam,  and  the 
above  reasoning  will  apply  with  even  greater  force  to  this  case. 

In  the  second  place,  the  deposits  themselves,  as  indicated  in 
our  study  of  the  principal  cinnabar  deposits,  do  not  usually 
show  the  signs  of  true  fissure  veins,  but  are  rather  found  irregu- 
larly disseminated  in  layers  and  impregnations ;  nor  are  vol- 
canic rocks  usually  found  in  sufficient  proximity  to  give  the 
heat  necessary  for  volatilization* 
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In  the  third  place,  the  formation  of  many  of  the  ore  bodies 
cannot  be  explained  upon  the  sublimation  hypothesis.  Many 
of  them,  notably  that  of  New  Almaden,  contain  carbonates 
so  intimately  mixed  with  cinnabar  that  the  conclusion  is  inev- 
itable that  tney  were  formed  in  the  same,  i.  a  in  the  wet  way. 
The  occurrence  of  quartz  and  bitumen  intimately  mixed  shows 
the  same  thing. 

Again  M.  Kuss*  himself,  though  evidently  inclined  tovrard 
the  volatilization  theory,  admits  that :  "  The  material  of  the 
quartzite  which  is  lackmg  to-day  in  the  rocks  imprecated 
with  cinnabar,  certainly  could  not  have  been  missing  eitner  at 
the  time  of  the  first  deposit  of  the  beds  or  after  the  strong  pres- 
sure which  compressed  and  straightened  them.  How  could  this 
disappearance  of  siliceous  matter  be  effected,  matter  almost 
inattackable  by  all  the  reagents  which  we  can  imagine  to  have 
intervened  during  the  epoch  of  the  formation  of  the  veins  of 
cinnabar  ?"  This  disappearance  of  siliceous  matter  is  certainly 
inexplicable  by  the  sublimation  hypothesis ;  but  by  the  suppo- 
sition that  the  cinnabar  was  deposited  from  solution  in  a  mix- 
ture of  alkaline  sulphides  and  carbonates,  it  is  not  only 
explained  but  also  would  be  a  perfectly  natural  consequence  of 
the  main  supposition. 

Still  again,  of  the  minerals  which  were  mentioned  in  the  first 
part  of  the  paper  as  accomj)anying  cinnabar,  all,  with  the  possi- 
ole  exception  of  magnetic  iron  pyrites,  have  been  produced  in 
the  wet  tvay  by  various  experimenters  as  the  following  refer- 
ences will  show. 

Blende,  by  De  S6narmont,  Ann.  Ch.  Phys.,  xxxii,  129. 
Galena,  by  De  Senarmont,  Ann.  Ch.  Phys.,  xxx,  139. 
Fahlore  minerals,  by  De  Senarmont,  Ann.  Ch.  Phys.,  xxxii,  129. 
Iron  pyrites,  by  De  Senarmont,  Ann.  Ch.  Phys.,  xxx,  140. 
Horn  quicksilver,  in  many  ways. 
^  \  Daubr^e,  ibid. 

yuartz,  -j  jy^  S6nannont,  Ann.  Ch.  Phys.,  xxxii,  129. 
Heavy  spar,  De  Senarmont,  Ann.  Ch.  Phys.,  xxxii,  129. 
Dolomite,  Hunt,  Am.  Jour.  Science,  II,  xxviii,  170,  366;  xlii,49. 
Spathic  iron,  De  Senarmont,  Ann.  Ch.  Phys.,  xxx,  153. 
Gypsum,  Hunt,  Compt.  Rend.,  xlviii,  1003. 

^  ,  \  Becquerel,  Compt.  Rend.,  xxxiv,  29,  xxxvi,  207. 

Calc  spar,  |  ^^^^^  p^^^  ^^^^  ^.j^  ^^^ 

The  production  of  bituminous  material  similar  to  idrialite 
has  been  accomplished  in  the  same  way,  by  heating  organic 
matter  with  water  in  closed  tubes  at  high  temperatureaf  In 
fact  this  transformation  is  invariably  regarded  not  as  the  resnlt 

*  Momoire  sur  les  Mines  et  Usines  d'Almaden,  p.  44.  TraDslatioii  of  same  bj 
writer,  p.  21. 

f  Dnubree,  Metamorphism,  Annales  des  Mines,  5th  series,  vol.  xvi,  II,  end  of 
chap.  iv. 
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of  dry  distillation^  but  as  the  effect  of  heat  in  the  presence  of 
"water.  And  if  the  temperature  were  great  enough  to  have 
volatilized  cinnabar,  it  is  probable  that  these  much  more  vola- 
tile hydrocarbons  of  the  original  organic  matter  would  have 
disappeared,  and  we  should  have  anthracite  or  graphite  instead 
of  bitumen,  as  we  do  in  most  of  the  cinnabar  deposita 

In  addition  to  this  we  have  shown  that  the  sulphide  of  mer- 
cury at  comparatively  moderate  temperatures  is  soluble  in  solu- 
tions of  the  alkaline  sulphides,  that  increase  of  pressure  aids 
rather  than  retards  this  solution^  and  that  cinnabar  is  deposited 
from  such  solutions  in  the  crystallized  form  when  the  tem- 
perature and  pressure  are  slowly  lowered.  We  have  shown 
that  by  adding  sulphydric  acid  to  the  mineral  spring  water, 
now  existing  in  the  neighborhood  of  one  of  the  most  noted  of 
these  deposits,  we  were  enabled  to  produce  the  same  effects. 
For  various  reasons,  which  it  is  unnecessary  to  state  here,  it  is 
probable  that  this  spring  once  contained  sulphydric  as  well  as 
carbonic  acid,  and  we  have,  consequently,  in  the  case  of  the 
New  Almaden  mine,  sufficient  cause  at  least  for  the  deposit 
without  invoking  the  sublimation  theory. 

Again,  the  occasional  occurrence  of  metacinnabarite  is  easily 
explainable  by  the  sudden  dilution  of  the  depositing  waters  by 
waters  of  other  springs,  by  water  from  above,  or  by  the  local 
mixing  during  the  crystallization  process  with  carbonic  or  other 
acid  gases.  Such  a  mixture  of  amorphous  sulphide  with  min- 
ute crystals  of  cinnabar,  as  described  by  Moore,  (Ueber  das 
Vorkommen  des  amorphen  Quecksilbersulfids  in  der  Natur)  is 
easily  reproduced  by  any  of  these  methods.  No  other  theory 
so  well  accounts  for  the  intimate  mixture  of  the  two  varieties  ; 
for  the  amorphous  product  produced  by  suddenly  cooling  the 
vapor  presents  an  entirely  different  appearance 

fe^injuly,  the  almost  universal  occurrence  of  these  deposits  in 
metamorphic  rather  than  in  igneous  rocks,  accords  well  with 
the  theory  that  these  deposits  as  they  exist  in  situ  are  the  immediate 
result  of  the  action  of  solutions  of  alkaline  carbonates  containing 
also  alkaline  sulphides. 

There  are  still  many  other  points  of  interest  in  this  connec- 
tion which  are  difficult  to  understand.  Such,  for  example,  are 
the  wide  spread  association  of  serpentine  and  other  magnesian 
rocks,  and  of  the  bituminous  substance  idrialite  with  cinnabar. 
It  is  possible  that  these  are  conditions  as  well  as  mere  concomi- 
tants. Lastly,  there  remains  the  occurrence  of  native  mercury 
to  be  explained.  Unless  we  regard  it  as  the  effect  of  the  local 
oxidation  of  a  very  stable  compound,  its  appearance  is  well  nigh 
inexplicable  upon  either  hypothesis. 

Uoiyenitj  of  California,  Berkelej,  Dea,  1878. 


464         R,  Bathbun — Geology  of  the  Lower  Amazonaa. 


Art.  LIX. — Notice  of  Recent  Scientific  Publications  in  BnmL — 
0.  A.  Derby  on  the  Oeology  of  the  Louoer  Amazonaa;  by  BlCH- 

ABD  EaTHBUN. 

The  Archivos  of  the  National  Museum  of  Bio  de  Janeiro, 
which  were  started  in  1876,  and  of  which  only  a  single  volimie 
was  published  regularly,  have  again  made  their  appearance: 
The  numbers  recently  received,  and  issued  only  in  the  early 
part  of  this  year,  comprise  volume  II  complete,  for  1877,  and 
the  first  half  of  volume  III,  for  1878.  They  are  accompanied 
by  numerous  plates,  some  of  which  seem  to  have  been  carefully 
executed.  The  cause  of  the  delay  in  the  publication  of  this 
annual,  the  onlj  one  devoted  to  natural  history  memoirs  in 
Brazil,  is  not  given,  but  the  high  character  of  several  of  the 
articles  contained  in  the  present  volumes,  partially  compeQ- 
sates  for  their  late  issua 

Dr.  Fritz  Miiller,  of  Santa  Catharina,  contributes  to  both 
volumes  interesting  papers  on  certain  structural  points  among 
insects,  principally  on  the  scent-bearing  organs  of  several  spe- 
cies of  Lepidoptera,  and,  in  volume  II,  treats  of  the  correlation 
of  the  versicolored  fiowers  of  a  species  of  Latana^  of  Santa 
Catharina,  and  the  insects  which  fertilize  them.  Dr.  Lacerda, 
of  the  Museum,  gives  the  results  of  his  experiments  with  the 
poison  of  Bothrops  jararaca  and  Bufo  ictericus  on  several  domes- 
tic animals.  The  second  volume  also  contains  **Notes  on  the 
Localities  of  Antiquities  (Ceramios)  of  Para,"  by  S.  Ferreira 
Penna,  and  an  extended  memoir,  entitled  "  Notes  on  the  Stone 
Lip-ornaments  of  the  Archaeological  Collection  of  the  National 
Museum,''  by  Dr.  Ladislau  Netto,  the  director  of  that  institu- 
tion. In  the  third  volume  are  two  short  geological  and  min- 
eralogical  studies  of  small  sections  in  the  province  of  Minas 
Geraes,  by  members  of  the  School  of  Mines  of  Ouro  Preto. 

The  paper  of  greatest  interest  to  North  Americans,  however, 
is  "  A  Contribution  to  the  Geology  of  the  Lower  Amazonas,"* 
by  Mr.  Orville  A.  Derby,  formerly  of  the  Geological  Commis- 
sion of  Brazil,  but  recently  appointed  geologist  in  the  National 
Museum  at  Eio  de  Janeiro.  This  memoir,  which  occupies  consid- 
erable space  in  volume  II,  is  a  r^sum^  of  the  principal  results  of 
the  explorations  of  the  late  Prof.  Ch.  Fred.  Hartt,  Mr.  Derby 
and  others,  in  the  Amazonian  valley,  and  adds  many  important 
facts  and  generalizations  to  those  hitherto  publishea. 

The  first  portion  of  the  paper  is  devoted  to  a  discussion  of  the 
topography  and  hydrography  of  the  basin  of  the  Amazonas,  and 
of  the  relations  of  the  great  river  and  its  many  large  tributaries 

♦  The  English  version  o|  this  paper  was  published  in  the  Proceedings  of  the 
American  Philosophical  Society  of  Philadelphia,  for  February,  1879. 
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to  the  surrounding  table-lands  and  mountain  chains,  which  direct 
their  courses,  Mr.  Derby  endeavors  to  show  that  between  the 
three  sections  of  the  Rio  Amazonas,  popularly  called  the  Mara- 
fion,  Solimoes  and  Baixo  Amazonas,  or  upper,  median  and 
lower  courses,  there  exist  not  only  topographical  differences,  but 
also  very  marked  differences  in  geological  structure.  After 
briefly  describing  the  general  geological  history  of  the  Amazo- 
nian region,  as  brought  out  by  ProK  Hartt,  the  author  enters 
into  a  detailed  account  of  the  several  formations,  that  have 
been  discovered  in  the  lower  valley,  the  immediate  subject  of 
bis  articla  The  most  important  conclusions  recorded  by  him 
are  the  following : 

The  metamorphic  deposits  composing  the  plateau  and  moun- 
tain range  between  Guayana  and  Brazil,  and  the  central  Bra- 
zilian plateau,  and  thus  oordering  the  Lower  Amazonian  basin 
on  the  north,  and  forming  its  higher  lands  on  the  south,  may 
be  divided  into  two  series — a  lower  one,  consisting  of  highly 
crystalline  rocks,  and  an  upper  one,  of  generally  non-crystalline 
rocks.  The  former,  whicn  constitutes  the  most  of  the  Guay^ 
anian  plateau,  and  forms  the  base  of  that  of  Brazil,  consists  of 

faeiss,  gneiss-granite  and  syenite,  and  has  been  referred  by 
rol  Hartt  to  the  Laurentian.  The  Serra  do  Mar  and  the  Serra 
do  Mantiqueira,  farther  south  in  Brazil,  are  made  up  of  the 
same  formation. 

The  second  or  upper  series,  composed  mostly  of  quartzites, 
metamorphic  schists  and  crystalline  limestones,  probably  repre- 
sents both  the  Huronian  and  Lower  Silurian,  as  an  apparent 
difference  in  age  is  exhibited  in  the  exposures  of  these  rocks. 
To  the  Lower  Silurian  are  referred,  as  before,  the  itacolumites 
and  talcose  schists  of  Minas  Geraes.  The  metamorphic  rocks 
are  generally  well  exposed  in  the  falls  and  rapids  of  the  several 
tributaries  of  the  Amazonas,  the  upper,  or  non -crystalline  series 
being  usually  the  first  reached  in  ascending  these  rivers. 

The  southern  edge  of  the  metamorphic  deposits  of  the  Guay- 
anian  plateau,  beginning  near  the  Atlantic,  in  about  1^  north, 
extends  a  little  south  of  west  to  near  the  confluence  of  the  Bios 
Negro  and  Branco,  between  latitudes  1^  and  2°  south ;  the 
northern  edge  of  the  same  rocks  in  the  plateau  of  Brazil  pre- 
sents a  line  of  exposures,  which  pass  the  Tocantins,  between 
8®  and  4°  S.,  the  Tapajos,  between  4°  and  6°  S.,  and  the  Ma- 
deira, between  8°  and  9°  S.  The  edges  of  the  metamorphic 
regions,  thus  defined,  mark  approximatelv  the  borders  of  the 
ancient  channel,  which  existed  between  the  primitive  islands  of 
Brazil,  and  in  which  were  laid  down,  without  great  changes  of 
level,  or  disturbances,  the  newer  formations  from  the  Upper 
Silurian  to  the  Cretaceous  inclusive. 

There  is  a  certain  concordance  in  stratification  between  the 

Am.  Jook.  Box.— Third  Sbbibb,  Vol.  XVn,  No.  103.— Jxtne,  1879. 
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beds  of  the  two  series  of  the  metamorphic  deposits,  but  the  evi- 
dence goes  to  prove  that  the  older,  or  Laurentian,  had  been 
more  or  less  disturbed  and  metamorphosed,  before  the  deposi- 
tion of  the  newer,  although  the  great  general  movement  of  up- 
heaval, that  affected,  and  gave  character  to,  the  entire  meta- 
morphic region  of  Brazil,  was  posterior  to  both. 

Tne  formations  above  the  metamorphic,  so  far  observed  in 
the  Lower  Amazonian  valley,  are  the  Upper  Silurian,  Devo- 
nian, Carboniferous,  Cretaceous  and  Tertiary.  The  Upper  Silu- 
rian immediately  follows  the  metamorphic  series,  on  the  north 
side  of  the  vallev,  but  has  not  yet  been  recognized  to  the  south 
of  the  Amazonas.  On  the  Rios  Trombetas,  Curua  and  Mae- 
curd,  where  they  were  examined  by  Mr.  Derby  and  his  party, 
the  rocks  of  this  formation  are  exposed  over  an  area  of  only  a 
few  miles  in  width,  have  an  estimated  thickness  of  about  1,000 
feet,  and  rest  upon  felsite  and  svenite ;  thev  are  very  gently  in- 
clined, and  consist  mostly  of  thin-bedded,  argillaceous  and 
micaceous  sandstones,  with  some  massive  beds  of  pure  sand- 
stone. In  the  lower  part  of  the  series,  on  the  Trombetas,  are 
fossiliferous  beds,  containing  in  addition  to  other  species,  Ar- 
ihrophycus  Harlaiii  Hall,  Lingula  cuneata  Con.,  Orihis  hybrida 
Sow.  and  Bucania  trilobata  Con.,  which  indicate  an  horizon  cor- 
responding to  the  Medina  Sandstone  of  the  Niagara  group  of 
North  America. 

The  Devonian  rocks  occupy  a  broader  superficial  area  than 
the  Upper  Silurian,  but,  so  far  as  studied,  are  of  less  thickness, — 
about  530  feet  They  have  been  traced  northward  from  Erer^ 
where  they  were  first  discovered  by  Prof.  Hartt,  in  1870,  a  dis- 
tance of  about  seventy-five  miles,  on  the  Rios  Maecurii  and 
Curua.  Three  sections  or  groups  were  readily  distinguished, 
differing  from  one  another,  both  in  lithological  characters  and 
in  fossils.  The  lower,  or  Maecuni  group,  having  a  thickness  of 
about  thirty  feet,  consists  entirely  of  coarse  sandstones,  and  is 
very  fossiliferous.  The  only  fossils  of  this  section  that  have 
been  determined  are  the  Brachiopods,  which  prove  that  the  sec- 
tion is  closely  related  to  the  Upper  Helderberg  of  North  Amer- 
ica, but  has  also  many  characters  in  common  with  the  Ham- 
ilton group. 

The  second  or  Erer^  group  has  an  estimated  thickness  of  about 
200  feet,  is  made  up  mostly  of  finegrained  micaceous  sand- 
stones, with  some  beds  of  black  shale,  and  is  underlaid  by  beds 
of  cherts.  The  fossils,  which  are  mostly  Brachiopods,  are  in 
part  identical  with  those  of  the  Maecuni,  in  part,  with  those  of 
the  Hamilton  group  of  North  America.  The  upper  group, 
called  the  Curua,  is  about  300  feet  thick,  and  consists  almost 
entirely  of  black  and  yellowish  shales,  passing  at  times  into 
shaly   sandstones.      The  only  recognizable  fossils  discovered 
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were  Sptrophytons,  apparently  belonging  to  the  same  species  as 
those  described  from  the  Hamilton  group  of  New  York. 

The  Devonian  rocks  in  the  Erer^  region  have  suffered  greatly 
by  denudation,  and  are  much  dislocated  and  divided  by  trap 
dykes,  making  their  study  very  difficult  Beds  apparently  of 
Devonian  age  have  been  found  as  far  west  as  the  Kio  Uatuma, 
and,  to  the  south  of  the  Araazonas,  on  the  Tapajos  and  Xingii 

Of  all  the  Paleozoic  deposits  of  the  Amazonian  valley,  the 
Carboniferous  is  exposed  over  the  largest  area,  but,  at  the  same 
time,  presents  the  greatest  difficulties  to  study.  Being  com- 
posed for  the  most  part  of  sofl;  rocks,  it  has  been  much  denuded 
only  widely-separated  exposures  remaining,  of  which  it  is 
difficult  to  determine  the  correlation  of  the  several  beds.  It  is, 
therefore,  also  impossible  to  estimate  with  certainty  the  thick- 
ness of  the  series,  which  probably  exceeds  1,800  feet  The 
rocks  are  soft  sandstones,  shales  and  limestones,  of  which  the 
latter,  though  having  the  least  thickness,  are  the  most  important, 
from  their  being  the  best  preserved  and  the  richest  in  fossil 
remains.  The  fossiliferous  beds,  originally  studied  by  Prof. 
Hartt  and  Mr.  Derby  on  the  Tapajos,  were  traced  to  the  north 
of  the  Amazonas,  on  the  Rios  Maecuni,  Curua,  etc.  The  differ- 
ent exposures,  however,  appear  to  represent  about  the  same 
limited  horizon,  characterized  by  identical  fossils. 

The  r^ion  over  which  the  Carboniferous  has  been  actually 
observed,  is  defined  by  Mr.  Derby  as  follows :  On  the  south 
side  of  the  valley,  it  reaches  up  the  Tapajos,  to  near  the  base  of 
the  rapids ;  westward  it  extends  to,  or  beyond,  the  Rio  Mauh^- 
assu,  situated  midway  between  the  Tapajos  and  Madeira,  and 
eastward  to,  or  beyond,  the  Xingil  To  the  north  of  the  Amazo- 
nas, it  stretches  some  distance  northward  of  the  region  of  Alen- 
quer,  partially  covering  up  the  Devonian  between  Erer6  and 
the  Maecuni  locality,  and  has  been  found  to  the  west,  on  the 
Bio  Uatuma,  and  to  the  east,  on  the  Rio  Jauary  near  Prainha. 
There  can  be  no  doubt  but  that  the  Carboniferous  really  ex- 
tends much  farther  west,  and  eastward,  to  near  the  Atlantic. 
From  what  has  been  said  before,  however,  it  will  be  under- 
stood that  this  formation  is  not  exposed  over  the  entire  region 
above  defined,  although  at  one  time  it  must  have  been  con- 
tinuous there.  It  was  observed  on  the  principal  rivers  men- 
tioned, generally  in  the  vicinity  of  the  lower  falls  or  rapids, 
and  also  at  many  intermediate  localities,  but  is  mostly  covered 
up  by  more  recent  formations,  or  by  dense  forest  growths,  and 
over  large  tracts  has  been  completely  swept  away.  Notwith- 
standing the  fact  that  the  fossils  of  this  group  indicate  an  hori- 
zon, equivalent  to  the  Coal  Measures  of  North  America,  no 
seams  of  coal  have  yet  been  found  on  the  Amazonas.  The 
beds  lie  as  a  rule  nearly  horizontal 
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Mr.  Derby  refers  the  sandstone  hilk  of  the  Erer^  series, 
which  surround  the  Devonian  plain  of  the  same  name,  to  the 
Cretaceous,  from  a  study  of  the  leaves  of  dicotyledonons  plants, 
contained  in  some  of  the  bed&  These  hills,  which  are  com- 
posed of  inclined  strata^  were  elevated  durine,  or  at  the  close 
of,  the  Cretaceous  age,  as  a  brood  anticlinal  ndge,  afterwards 
denuded  away  in  the  central  portion,  so  as  to  uncover  the  De- 
vonian plain,  and  leave  the  present  series  of  monoclinal  ridges, 
disposea  in  the  shape  of  an  ellipse. 

Much  oi  Mr.  Deroy's  paper  is  also  devoted  to  the  extensive 
Tertiary  deposits  and  the  varzsa  of  the  Amazonian  valley,  sub- 
jects already  treated  of  at  some  length  by  Prol  Hartt 
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by  Edwin  F.  Sawyer. 

The  following  meteoric  radiant  points  have  been  deduced 
from  my  observations,  emluracing  the  recorded  paths  of  nearly 
600  shooting  stars,  seen  during  the  last  two  years  (1877-6)  at 
Cambridge,  Mass.  Among  the  number  may  possibly  be  found 
one  or  two  doubtful  positions,  and  a  few  strongly  suspected 
and  probably  new  showers  requiring  confirmation.     The  other 

Eositions  either  confirm  those  deduced  by  other  observers,  and 
eretofore  considered  rather  doubtful,  or  are  those  of  old  and 
well  established  meteor  systems.  The  limits  of  duration  of 
the  several  showers  are  naturally  uncertain ;  the  results  show- 
ing only  the  observed  duration,  and  not  the  true  period,  which 
important  element  should  receive  the  closest  attention  of  ob- 
servers in  the  future.  Considerable  complication  has  arisen 
from  the  large  number  of  known  radiants,  and  more  attentioD 
should  be  given  to  establishing  and  identifying  beyond  a  doubt 
the  true  positions  of  those  already  catalogued,  with  their  limits 
of  duration,  than  to  the  discovery  of  new  and  in  many  cases  no 
doubt  pseudo-meteor  streams. 

The  theoretical  shifting  of  the  radiant  point  of  a  shower  from 
day  to  day  as  the  earth  changes  its  position,  should  also,  it 
seems  (in  the  majority  of  cases),  be  practically  shown  in  deduc- 
ing the  results ;  although  the  approximate  character  of  tbis 
class  of  observations,  renders  it  difficult  to  notice  any  shifting 
of  position  at  intervals  of  less  than  a  week.  This  important 
point  should  engage  the  attention  of  all  observers,  as  going  far 
to  demonstrate  the  period  of  long  enduring  showers- 

In  deducing  my  results,  great  care  has  not  only  been  exer- 
cised in  regarding  the  peculiarities  of  each  individual  meteor 
mapped,  such  as  length  of  path,  velocity,  magnitude,  etc,  but 
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Benurki. 


Meteors  faint  and  rapid,  possibly  a  new 
shower.  Radiant,  Tery  near  x  Oemu^orum. 

Quite  faint,  short  and  rapid  meteors.  Con- 
firms Heis  (M.  2),  169' +  45',  Jan,  16- 
Feb.  1. 

Meteors  very  faint,  with  medium  velocity  and 
length  of  path;  one  stationary  meteor. 
Denning,  from  Italian  Met  Asso.  Obs., 
1872,  at  147" +  4%  Feb.  1-Mar.  12. 

Meteors  quite  brilliant  and  slow,  with  me- 
dium length  of  path.  Evidently  confirms 
Greg  and  Herschel,  at  198"  +32^  Mar.  26 
-Apr.  24. 

Meteors  faint,  short  and  rapid.  Denning, 
at  220'' +  21",  April  21,  1874.  Radiant 
near  ^  Bootis. 

Meteors  generally  faint,  short  and  quick. 
Radiant  near  p  Cygni.  Denning,  at  286® 
+  32",  June  15-17,  1877.  Tupman,  at 
280" +  29°,  June  29-30,  1870. 

Meteors  bright  and  very  slow,  with  long 
paths.  Herschel,  at  3390-34",  July  20- 
Sept  20.  Seen  well  by  A.  S.  Herschel, 
July  28,  1866. 

Meteors  faint  and  quick,  with  medium  length 
of  path.  Denning,  from  Italian  Met  Asso. 
Obs.,  1872,  at  287" +  27",  July  15-Aug.  2. 
Compare  No.  6. 

Meteors  quite  bright,  short  and  slow.  Den- 
ning, from  Italian  Met  Asso.  Obs.,  1872, 
at  285" +  44",  July  16-Aug.  2. 

Perseids.  Meteors  brilliant,  with  quite  long 
paths.  Duration  of  observation,  i  of  an 
hour.    Horary  No.  55. 

Observation  from  9.30  to  10.30.  Meteors 
bright  and  short 

Meteors  very  bright,  short  and  rapid.  Dura- 
tion of  observation  1}  hours.  Horary 
No.  33.  Position  deduced  from  one  sta- 
tionary meteor  and  several  short  tracks 
near  the  focus. 

Meteors  bright  short  and  rapid.  Confirms 
Dennmg,  at  8"  +  53^  Aug.  3-16,  1877. 
Radiant  between  a  and  f  Cassiopeise. 

Active  shower;  meteors  bright  and  rapid, 
with  quite  long  paths.  Mean  of  5  posi- 
tions from  Gr^s  Table,  1876,  at  281"  + 
38",  July  29-Sept  25. 

Meteors  generally  bright,  short  and  rapid. 
Greg  and  Herschel,  at  335" +  67",  Aug.  6 
-31.  Schiaparelli  and  ZezioU,  at  340"  + 
65°.  Aug.  28. 

Position  well  deduced ;  meteors  bright,  short 
and  rapid.  Denning,  from  ItaUan  Met 
Asso.  Obs.,  1872,  at  235" +  65",  Aug.  24- 
Sept  14. 

Short,  quick  meteors.  Denning,  from  Italian 
Met  Asso.  Obs.,  1872,  at  270" +  20",  Aug. 
24-Sept  14. 

Strongly  auspecto^  wA  v««^l  *»  ^^^a 
shower.  ^et/doi«  c^\A\>if^gDX^^^s«!^  w»^ 
rapid. 
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\\ 


Exact.  Meteors  bright,  short  and  swift  A 
new  shower.  ? 

Rather  uncertain.  Meteors  bright,  short 
and  slow.  Denning,  from  ItsJian  Met 
Assa  Obs^  1872,  at  333** +  27%  Aug.  24- 
Sept  14. 

Position  exact.  Active  showvr,  8  reoorded 
during  f  of  an  hour ;  early  eve.  Metaon 
faint  and  short  Schiaparellt  and  Zisioli, 
at  352" +  41,  Nov.  13. 

Meteors  generallj  quite  bright  short  and 
rapid.  Confirmed  by  H.  ^>rder,  Oct  22- 
31,?  1878,  at  32V  34"  Radiant  near  e 
Triangulorum.    Possibly  new. 

Faint,  o^ort  and  rapid  meteors.  Greg  and 
Herschel,  at  43" +  26%  Oct  18-Nov.  15. 
Denning,  at  47"  +  28",  Oct  8;  and  from 
ItaUan  Met  Asso.  Obs.,  1872,  at  45" +  26", 
Oct  29-Nov.  13. 

Meteors  bright,  short  and  generally  rapkL 
Radiant  near  fi  Arietis.  Qruber,  at  2^•^ 
22",  Oct  17-24. 

Meteors  faint,  with  short  paths.  Radiant 
near  a  Arietis.  Evidently  conftrms  Top- 
man  (94),  at  30"-h22",  Not.  3,  1869. 
Compare  No.  22. 

Taurids  I.  Meteors  generally  quite  brilliant, 
with  medium  length  of  path.  Denning, 
average  position  at  60** +  20%  Oct  17- 
Nov.  13,  1877. 

Taurids  IL  Meteors  generally  quite  bright 
and  quick,  with  medium  length  of  path. 
Denning,  Nov.  25-Dec.  13,  at  80  V 25'. 

Meteors  quite  bright,  generally  slow,  wiUi 
medium  length  of  path.  Principally  seen 
on  Nov.  29. 

Strongly  suspected.  Meteors  faint  quick 
and  short,  and  recorded  during  1  hour's 
observation  in  W.  Denning,  from  Met 
Ass.  Obs.,  1872,  at  330° +  66%  Nov.  25- 
Dec.  31. 

Rapid,  short  and  faint  meteors.  3  recorded 
in  rapid  succession  on  the  24th.  Position 
exact  Confirms  a  radiant  deduced  at 
Pola,  Nov.  27,  1872,  at  76^5  +  46=. 

Meteors  quite  bright,  short  and  slow.  Den- 
ning, from  Italian  Met.  Asso.  Obs.,  1872, 
at  24^  +  27%  Nov.  25-Dec.  31. 

Meteors  generally  faint,  with  very  rapid 
motion.  Possibly  new.  Radiant  center 
very  near  y  Greminorum.     Compare  No.  1. 

Strongly  suspected.  Meteors  quite  faint  and 
quick,  with  quite  long  paths. 

Geminids.     Meteors  faint,  short  and  quick. 

Geminids.    Meteors  faint,  short  and  quick. 

Meteors  generally  bright,  short  and  rapid; 
all  recorded  during  1  hour's  watch ;  good 
tadiation.    Schmidt,  Jan.,  at  R.  aI,  115' 
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during  the  past  year  a  certain  weight  has  been  attached  to  each 
meteor  mapped,  showing  the  accuracy  of  the  path  recorded,  on  a 
scale  of  one  to  four,  and  its  corresponding  value  used  in  deduc- 
ing the  centers  of  radiation  ;  and  the  results  are  believed  to  be 
as  nearly  correct  as  the  number  of  meteors  recorded  and  the 
nature  of  the  observations  will  allow.  Observations  were  taken 
nearly  every  fair  night  in  the  absence  of  the  moonlight,  but 
were  confined  principally  to  the  evening  hours,  between  6  and 
11  p.  M.  The  exceptions  were  morning  watches  in  April, 
1878,  August,  1877-8,  and  November,  1877-8,  for  the  appear- 
ance of  the  Lyraids,  Perseids,  and  Leonids.  With  the  excep- 
tion of  the  Perseids,  these  gave  negative  results ;  only  two  or 
three  scattering  members  from  each  stream  being  recorded. 
The  periods  of  watching  each  evening  varied  from  one  to  four 
hours  in  duration,  and  aggregate  187  hours  in  all.  The  obser- 
vations were  mostly  confined  to  the  eastern  quarter  of  the  sky, 
the  few  exceptions  being  watches  in  the  west  during  the 
months  of  August,  September  and  November,  1878. 

In  deducing  the  results,  the  method  employed  by  Prol 
Schiaparelli,  (i.  e.  deducing  the  material  obtained  from  each 
evening's  observations,  or  those  of  a  few  evenings  at  most),  has 
been  used.  The  positions  deduced  from  less  than  four  meteors 
(of  which  there  were  a  large  nuniber),  have  been  rejected.  In 
giving  weight  to  the  different  positions  deduced  by  me,  observ- 
ers should  bear  in  mind  that  the  small  number  of  meteors, 
recorded  in  many  of  the  cases,  result  from  one  or  more  of  the 
following  causes ; 

L  The  shortness  of  the  period  from  which  each  shower  is 
deduced,  averaging  about  five  days,  the  average  period  of  most 
observers  being  from  twenty  to  thirty  days.  11.  To  the  gen- 
erally unfavorable  hours,  between  which  the  observations  were 
taken,  before  midnight,  when  meteors  are  much  less  abundant, 
than  during  the  morning  hours.  IIL  To  the  small  number  of 
hours  during  which  I  was  able  to  watch  each  evening,  espe- 
cially in  the  spring  and  winter  months ;  several  showers  bemg 
deduced  from  one  or  two  hours*  watch  only. 

Corresponding  observations  of  the  same  meteors  are  doubt- 
less of  great  value  in  determining  the  heights,  etc.,  of  the 
meteors,  as  well  as  their  radiant  points,  and  during  the  latter 

})art  of  last  August,  the  writer  together  with  Mr.  Seth  C.  Chand- 
er,  Jr.,  made  a  series  of  observations  at  stations  some  seventy 
miles  apart ;  the  reduction  of  the  same  is  now  being  done  by  Mr. 
Chandler. 

Another  series  has  been  partly  arranged  and  carried  out  by 
the  writer  and  Mr.  Oliver  C.  Wendell,  of  Lowell,  Mass.,  and 
it  is  to  be  hoped  that  other  observers  will,  during  the  coming 
year,  be  found  willing  to  engage  in  this  impoitant  work. 
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Art.  LXX — Notice  of  recent  Additions  to  the  Marine  Fauna  oj 
the  Eastern  coast  of  North  America,  No,  5 ;  by  A.  E.  Verrill. 
Brief  Contributions  to  Zoology  from  the  Museum  of  Yale  College, 
No.  XLIL 

Of  Poljzoa  about  140  species  have  been  identified  by  the 
writer  from  the  coast  between  Cape  Cod  and  Labrador.  Nearly 
all  these  are  Arctic  or  European  species,  already  known. 
They  are  mostly  described  in  Smitt's  papers  on  Arctic  Bryozoa, 
They  are  also  mostly  enumerated  by  the  writer,  in  a  Check-list 
of  the  Marine  Invertebrata  of  this  coast,  now  in  type.  The 
following  is  one  of  the  more  interesting  new  forms. 

The  recent  determination  of  so  large  a  number  of  American 
Polyzoa,  confirms  the  decision  already  arrived  at,  several  years 
ago,  from  the  study  of  other  classes,  that  the  fauna  of  northern 
New  England  is  remarkably  arctic  and  chiefly  of  northern  ori- 
gin, and  that  the  fauna  of  Greenland  is  more  allied  to  that  of 
Northeastern  America  than  to  that  of  Northern  Europe.  In  a 
valuable  paper*  on  the  Podophthalmous  Crustacea  of  our 
northern  coast,  just  published,  Professor  S.  L  Smith  has  arrived 
at  the  same  results  for  that  group. 

BugtUeUa^  gen.  nov. 

Stems  slender,  dichotomously  branched,  consisting  of  single 
series  of  cells  (zooecia),  which  are  connected  by  short  tubular 
joints  that  arise  medially,  from  the  back  and  near  the  distal 
end  of  the  preceding  cell,  either  singly  or  two  together.  Zooecia 
elongated,  expanded  distally,  with  a  large,  sunken,  elliptical 
frontal  area  on  the  front  side,  close  to  the  end ;  gradually 
tapered  to  the  proximal  end,  which  is  united,  by  an  articulation, 
with  the.  tubular  process  of  the  preceding  cell,  representing  the 
stem.  New  branches  arise  laterally  from  these  small  joints. 
Frontal  area  surrounded  by  spines.  Ooecia  subglobular,  at- 
tached to  the  distal  end  of  the  zooecia.  Avicularia  median,  at 
the  distal  end  of  the  zooecia,  shaped  as  in  Bugula,  Allied  to 
Bicellaria  and  perhaps  to  Bretiia, 

Biigulelhi  fragilis^  sp.  nov. 

Zoarium  translucent,  shining,  delicate,  61iform,  much 
branched;  forming  intricate  divaricate  clusters,  sometimes  an 
inch  or  more  in  height  Apertures  broad  oval  or  elliptical, 
oblique,  with  a  distinct  rim,  and  with  five  spines,  on  each  side; 
of  these  the  two  nearest  the  distal  end  are  much  shorter  than 
the  other  three,  which  are  as  long  as  the  breadth  of  the  aper- 
ture, and  arch  over  it.  Sometimes  a  median  spine  is  also 
present  at  the  proximal  edge.     Ovicells   globose,  prominent, 

*  Tho  Stalk -eyed  Crustaceans  of  the  Atlantic  Coast  of  North  Anierica  north  of 
Cape  Cod.     Trans.  Connecticut  Acad.,  voL  v,  Part  I,  May,  1879. 
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nearly  as  wide  as  the  zooecial  apertures,  smooth,  shining,  some- 
times sculptured  with  raised  lines,  or  with  rounded  sunken 
areas  on  the  sides.  A  small  oval  disk  on  the  lateral  surfaces 
of  the  zooecia.  Avicularia  small,  with  a  rather  short,  thick, 
swollen  head,  the  pedicel  shorter  than  the  vertical  diameter  of 
the  head,  attached  to  the  distal  end  of  the  zooecia. 

East  of  George's  Bank,  220  fathoms,  on  Acanella  Normani. 
Presented  to  the  U.  S.  Fish  Commission  by  the  captain  and 
crew  of  the  schooner  "  Alice  G.  Wunson." 

ECHINODERMATA. 

Solaater  EarUii^  sp.  nov. 

A  lar^e,  handsome  species.  Arms  nine  in  our  specimen, 
elongated,  tapering.  Upper  surface  thickly  covered  with  clus- 
ters of  divergent  spinules,  mostly  six  to  eight,  much  smaller 
and  shorter  than  in  C,  papposua.  Marginal  plates  large,  prom- 
inent, the  largest  beanng  about  twenty  spinules,  in  two  trans- 
verse rows.  Ventral  plates  with  about  seven  or  eight  long  acute 
spines  in  one  transverse  row.  Adambulacral  plates  with  about 
five  shorter,  more  slender  spinea  Greatest  diameter  180°™ ; 
lesser  50°™.  Taken  in  lat  48^  24' ;  long.  59^  46',  in  200  to  250 
fathoms,  by  the  schooner  *^  Bessie  W.  &mers,'*  and  presented 
to  the  U.  S.  Fish  Com.  by  Capt  Thomas  F.  Hayden. 

Dedicated  to  Mr.  B.  E.  Earll  of  the  U.  S.  Fish  Commission. 

3£olpadia  turgida^  sp.  nov. 

Body  large,  elongated,  turgid,  suddenly  tapering  posteriorly 
to  the  slender,  moderately  long  caudal  portion.  Tentacles 
short,  almost  rudimentary,  two-lobed,  seldom  expanded.  Skin 
thin,  often  somewhat  translucent,  dark  reddisn  or  purplish 
brown,  filled  with  perforated  table-shaped  or  spinulated  plates, 
and  with  numerous  regular,  circular  and  oval,  biscuit-shaped 
orange-brown  calcareous  grains,  of  various  sizes,  less  numerous 
than  in  M.  ooUiica,  but  &r  more  numerous  and  more  regular 
than  in  M.  borealis.  These  grains  have  a  concentric  structure, 
either  around  one,  or,  when  oval,  around  two  nuclei.  The 
perforated  plates  are  rather  large  and  irregular,  but  delicately 
lormed,  much  less  irregular  and  larger  than  in  M,  horealis. 
They  usually  have  a  central  circle  of  three  to  six  foramina, 
then  a  circle  of  ten  or  more,  larger,  oval  foramina,  separated  by 
a  thin  framework,  which  runs  out  into  irregular  projections 
beyond  the  border;  the  central  spinule  is  elongated,  acute, 
consisting  of  three  or  four  columns.  The  largest  specimens 
are  about  125'°""  long,  and  25  to  30°*"  in  diameter. 

Bay  of  Fundy,— A.  E.  Verrill  and  S.  I.  Smith,  1865.  Massa- 
chusetts Bay,  40-100  fath.,  soft  mud,  1877,  78 ;  Gulf  of  Maine, 
1874 ;  Casco  Bay,  1878 ;  off  Nova  Scotia,  1877,— U.  S.  Fish 
Commission.    Gulf  of  St  Lawrence,  Whiteaves. 
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Anthozoa. 

Actinemna^  gen.  nov. 

Body  large,  short,  smooth.  The  margin  below  the  tentacles 
is  deeply  divided  into  acute  lobes,  or  teeth,  continuous  with 
the  body  wall.  The  tentacles  are  rather  large,  and  adnate  to 
the  marginal  lobes  for  a  considerable  part  of  their  length.  Disk 
large,  with  the  margin  undulate  or  frilled  in  large  specimens. 
The  disk  and  tentacles  apparently  are  not  retractile. 

Acti7iernu8  nohilia^  sp.  noT. 

Body  stout,  with  a  very  broad  basal  disk  and  short  column, 
and  toward  the  summit  thrown  into  about  eight  large  undula- 
tions or  folds,  bending  outward  and  inward,  corresponding  to 
the  lobes  of  the  disk ;  the  marmn  is  deeply  cut  into  sharp 
conical  teeth,  corresponding  to  tne  tentacles  in  number  and 
position,  and  like  them  alternating  in  an  inner  and  outer  row; 
integument  of  column  and  teeth  thick,  firm  and  smooth.  Ten- 
tacles numerous,  elongated,  tapering,  acute,  moderately  large, 
subequal,  in  two  rows  close  to  the  margin,  adnate  to  the  mar- 

final  teeth  for  about  two-thirds  of  their  length,  or  even  more, 
lips  well-developed,  with  about  eight  large  lobes  on  each  sida 
Color,  in  recently  preserved  specimens,  deep  purplish  brown 
on  the  disk  and  tentacles,  with  radiating  lines  of  paler  color  on 
the  disk  ;  mouth  deep  brown  inside  ;  sides  of  body  milk-white, 
with  traces  of  orange-color  where  the  outer  coat  remains. 

Largest  specimens,  in  alcohol,  about  four  inches  broad  and 
three  high.  Four  specimens  were  presented  to  the  U.  S.  Fish 
Commission. 

Off  Sable  I.,  N.  S.,  200-250  fathoms,  Aug.,  and  Banquereau, 
about  200  fathoms,  Sept.  9,  1878, — Capt.  J.  W.  Collins,  scL 
**  Marion."  Eastern  slope  of  George^s  Bank,  in  about  220  fath- 
oms,— Capt,  and  crew  of  the  sch.  "  Alice  G.  Wunson,"  Sept, 
1878.  Lat  42'  31° ;  long.  64°  20',  300  fathoms,— Capt.  Wm. 
H.  Greenleaf,  sch.  **  Chester  E.  Lawrence." 

Synanthus^  gen.  nov. 

Actiniae  which  have  a  broadly  expanded,  thin  base  from 
which  new  zooids  arise  by  budding,  so  as  to  constitute  a  small 
colony,  connected  together  by  a  common  base.  Integument 
thin  and  smooth.     Tentacles  numerous,  retractile. 

Synanthvs  mirabilis^  sp.  nov. 

Colonies  often  consist  of  five  or  six,  or  more,  zooids,  which 
are  generally  parasitic  upon  the  branches  of  Primnoa  reseda 
and  Paragorgia  arborea,  often  surrounding  them  like  a  ligature, 
and  in  the  case  of  Paragorgia  often  forming  deep  constrictions 
so  as  to  seriously  weaken  the  branches.  Column  low  and  but- 
ton-like in  contraction,  the  integument  so  translucent  as  to 
show  the  numerous  internal  radiating  lamellae.  Same  localities 
as  for  the  preceding  species. 
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Art.  LXn. — On  a  new  Absolute  Galvanometer  ;  by  N.  D.  C. 

Hodges. 

In  the  ordinary  form  of  galvanometer  the  current  is  measured 
by  the  ratio  of  the  force  it  exerts  on  the  needle  to  the  directive 
force  of  the  earth,  the  ratio  being  determined  by  a  measure- 
ment of  the  angle  of  deflection. 

The  moment  of  the  force  with  which  a  unit  current  acts  on 
the  needle  may  be  expressed  in  a  series  of  the  form 

G,^,  Bin  6+  G.^,  sin^  Q,'((?)  +  etc. 

where  G,,  G,  are  constants  depending  on  the  dimensions  of 
the  coil,  and  ^,,9,  on  those  of  the  suspended  apparatus,  coil 
or  magnet,  as  the  case  may  be.  Q/  {0),  Q/  {0)  are  quantities 
varying  with  the  deflection. 

Only  in  case  all  the  terms  after  the  first  may  be  neglected 
are  the  values  of  the  current  proportional  to  the  tangents  of 
the  deflections.  With  a  single  coil  this  is  not  the  case.  By 
increasing  the  number  of  coils  and  suitably  placing  them,  the 
magnetic  field  may  be  rendered  more  uniform. 

In  reading  the  deflection  either  a  divided  circle  or  a  telescope 
and  scale  may  be  used.  With  the  divided  circle  the  deflection 
may  be  as  great  as  45^,  but  not  more,  or  else  the  instrument 
would  not  be  sensitive  to  changes  in  the  current  The  use 
of  telescope  and  scale  necessitates  much  smaller  deflections. 
To  r^ulate  the  strength  of  the  current  shunts  of  small  resist- 
ance often  have  to  be  used ;  and  the  proportion  of  the  current 
through  the  instrument  is  rendered  doubtful. 

If,  instead  of  placing  the  plane  of  the  coils  parallel  with  the 
magnetic  meridian,  they  are  placed  perpendicular  to  it,  the 
sum  of  the  force  of  the  current  and  of  the  directive  force  of 
the  earth  would  influence  the  magnet. 

The  formula  ^'  =mT  (1  +  6) 

expresses  the  relation  between  the  time  of  vibration  of  a  hori- 
zontal, swinging  magnet,  its  moment  of  inertia  K,  its  magnetic 
moment  M,  and  the  norizontal  component  of  the  earth *s  mag- 
netic force  T. 

If  this  time,  the  time  of  vibration  without  the  current,  is 
first  taken  and  then  the  time  /,  with  the  current,  we  get  the 
relation  .between  the  two, 


or 


rty 


t;       T      "'      t;      T 
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when  F  is  the  directive  force  of  the  current  on  a  magnet  of 
unit  magnetic  moment 

The  moment  of  the  force  F  on  the  magnet  is 

C  (G,  g,  Bin  ^  +  G,  ^,  sin  6  Q/(d)  +  etc.) 
=  sin ^  C  (G. g^  +  G,^.  Q/  (6)  +  etc) 

0=ihe  angle  between  the  axis  of  the  coil  and  of  the  magnet 
Hence  C  (G,  g,  +  G,  g,  Q/  (0)  +  etc.)  =  F. 

For  the  small  angles  through  which  the  magnet  need  vibrate, 
this  factor  may  be  considered  constant  and  equals  the  constant 
of  the  instrument,  used  as  a  tangent  gal vanometefy  when  the 
deflection  is  supposed  equal  to  90^ 

Let  G,  g,  +  G.  g,  Q/  (0^)  +  etc.  =K^. 
Then  F  =  CK,,o 

The  value  of  C  is  obtained  in  the  form 


To  find  the  value  of  K».  the  same  current,  if  passed  tbroo^ 
the  instrument  used  as  a  tangent  galvanometer,  will  give 

T  t'—t*  T 

Hence  K^^'''"P=~t~  K„ 

{t'-t;)K<p 

or  K„„  =  — 7T7 

••  t^  tan  q) 

If  the  value  of  K^  is  known  for  any  value  of  y),  the  deflec- 
tion, the  constant  of  the  instrument  used  in  this  other  way  is 
given  by  this  formula. 

It  is  evident  that  the  relative  values  of  K^  for  different 
values  of  the  deflection  of  a  tangent  galvanometer  may  be 
found  by  repeated  application  of  this  process. 


t*     tan  g) 

K    _<'-C   ^'P' 
•°  ?,'     tan  (p^ 

K  <^  _  tan  </>  ^*  —  ^,'       t* 


Any  of  the  usual  methods  for  finding  the  constant  of  a  gal- 
vanometer would  also  apply. 
Physical  Laboratory,  Harvard  College,  Feb.  12,  1879. 
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SCIENTIFIC    INTELLIGENCE. 

L  Chbmistby  and  Physics. 

1.  On  a  New  Series  of  Molecules. — In  1868,  Angus  Smith 
made  an  investigation  into  the  absorption  of  gases  by  charcoal, 
believing  that,  since  this  action  was  on  the  border  line  between 
physics  and  chemistry,  it  would  throw  some  light  on  chemical 
phenomena.  The  results  then  obtained  showed  that  the  gases 
were  absorbed  in  whole  volumes,  hydrogen  being  1,  oxygen  7*00, 
carbonous  oxide  6*03,  carbon  dioxide  22*05,  marsh  gas  10*01, 
nitrogen  monoxide  12*00,  sulphurous  oxide  36*95,  and  nitrogen 
4'27.  The  author  has  now  taken  up  the  subject  anew  and  finds 
that  charcoal  does  actually  absorb  gases  in  perfectly  definite  vol- 
umes, the  physical  action  being  like  the  chemical.  Thus  calling 
the  volume  of  hydrogen  absorbed  1,  that  of  the  oxygen  is  8,  the 
proportions  by  volume  being  the  same  as  those  by  weight  in 
chemical  union.  Moreover,  since  oxygen  is  16  times  heavier  than 
hydrogen,  charcoal  absorbs  128  times  more  oxygen  than  hydrogen 
by  weight.      Now  this  number  is  exactly  equal  to  the  density 

of  oxygen  squared  and  divided  by  two,  — -,  or  it  is  half  the  pro- 

duct  of  the  density  of  this  gas  and  its  atomic  weight.    Again,  the 

most  probable  value  for  nitrogen  is  4*66  volumes  absorbed,  and 

hence  the  weight  absorbed  is  14X4*66  or  65*3.    This  number  is 

14*    .  . 

---,  since  nitrogen  is  trivalent.     Carbon  dioxide  is  not  divided  but 

is  simply  22*.  The  carbonous  oxide  absorbed  is  6  volumes,  the 
carbon  dioxide  6-|-16=22  volumes,  marsh  gas  6-|-4=10  volumes, 
nitrogen  monoxide  8-4-4*66=12*66  volumes.  These  figures  seem 
to  the  author  to  saggest  a  new  series  of  molecules,  whose  weights 
are  produced  by  squaring  the  atomic  weights  and  by  certain 
divisions  peculiar  to  the  gases  in  question.  It  may  be  perhaps 
that  the  larger  molecule  exists  in  the  free  gas  and  is  broken  up 
on  chemical  combination.  The  building  up  of  a  molecule  by 
volmnes  in  this  way  suggests  the  possibility  at  least  that  our 
present  molecules  may  be  similarly  constructed.  —  /Vac.  Hoy, 
8oc.y  Feb.  6,  1879.     ifature,  xix,  354,  Feb.  1879.  g.  f.  b. 

2.  On  the  Reciprocal  Displacement  of  Oxygen,  Sulphur,  and 
the  Halogens,  when  combined  with  Hydrogen. — Bebthklot  has 
studied  the  reciprocal  displacements  which  take  place  in  the  so- 
called  hydracids  and  finds  that  these  also  are  regulated  by  the 
value  of  the  heat  of  combination.  Thus  for  example,  experiment 
has  given  him  the  following  equivalent  numbers : 

H+Cl          =HC1  gas  +220  HCl  dissolved  +39*3 

H-I-Brgas  =HBrgas  -fl3*5  HBr  dissolved  -f33*5 

H+I    gas  =HI    gas  — 0*8  HI    dissolved  +18*6 

H-f  S    gas  =HS    gas  -f  3*6  IIS    dissolved  -f  5*8 

H-hO  gas  =:H0  gas  -f 29*5  HO    liquid         +34*5 
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From  these  numbers  it  follows:  1st,  that  CI  should  displace  Br 
and  I,  and  Br  should  displace  I,  in  the  hydracids  both  woen  gas- 
eous and  in  solution;  this  is  common  knowledge;  2d,  that  CI 
and  Br  should  displace  S  in  hydrogen  sulphide  either  gaseous  or 
dissolved, — also  a  well  known  reaction ;  dd,  that  I  should  displace 
sulphur  in  hydrogen  sulphide  in  solution,  forming  HI  dilate ;  but 
that  S  on  the  contrary  should  decompose  gaseous  HI,  forming 
hydrogen  sulphide.  T*hese  facts  were  expenmentally  established 
by  placing  hydrogen  sulphide  in  a  sealed  tube  containing  I,  and 
heating  to  500° ;  no  reaction  took  place.  But  HI  gas  on  the  con- 
trary reacts  on  S  even  in  the  cold,  and  if  the  tube  be  opened  under 
water,  the  latter  rises  in  the  tube,  remaining  transparent  till  the 
inverse  reaction  takes  place  in  solution,  the  iodine  decomposing 
now  the  hydrogen  sulphide  again,  with  deposition  of  sulphur.  4t^ 
that  oxygen  should  displace  S  from  hydrogen  sulphide,  a  common 
reaction ;  5th,  that  between  chlorine  and  oxygen,  an  equilibrium 
should  be  produced,  since  on  the  one  side  gaseous  chlorine  should 
decompose  water  to  form  HCl  in  solution,  and  on  the  other  gas- 
eous oxygen  should  decompose  dry  HCl  gas,  to  form  water  and 
chlorine.  In  proof  of  this,  Berthelot  mixed  HCl  and  O  in  a 
sealed  tube  and  passed  sparks  through  the  tube  for  several  hours 
with  the  result,  that  nine-tenths  of  the  HCl  was  decomposed, 
while  a  similar  experiment  with  water  vapor  and  CI  gave  no 
result.  6th,  that  O  should  displace  Br  from  HBr  either  gaseous 
or  dissolved ;  and  7th,  that  oxygen  should  displace  I,  under  the 
same  circumstances,  a  fact  well  shown  by  the  fact  that  a  mixture 
of  four  volumes  of  HI  and  one  of  oxygen  readily  takes  fire  and 
bums  with  a  red  flame,  a  good  lecture  experiment.  The  inverse 
reaction  does  not  take  place. — Bull,  iSoc.  (7A.,  11,  xxxi,  309,  April, 
1879.  G.  F.  B. 

3.  On  the  Liquefaction  of  Hydrogen  Silicide, — Ogier,  in  the 
laboratory  of  Berthelot,  has  prepared  hydrogen  silicide  pure  and 
has  succeeded  in  liquefying  it  by  means  of  the  apparatus  devised 
by  Cailletet.  At  ordinary  temperatures,  about  10°,  this  gas  sus- 
tained a  pressure  of  200  to  300  atmospheres  without  being  lique- 
fied. But  on  sudden  expansion,  even  at  fifty  atmospheres,  the 
cooling  produces  a  thick  mist  and  droplets  appear  on  the  walls  of 
the  tube.  Under  these  conditions  the  gas  is  evidently  very  near 
its  critical  point.  Indeed,  cooling  it  only  a  few  degrees  below 
zero  suffices  to  condense  it  totally.  Under  a  pressure  of  fifty 
atmospheres  it  is  liquid  at  — 11  ;  of  seventy  atmospheres,  at 
—  6°  ;  and  of  100  atmospheres,  at  —1°.  At  zero,  on  the  contrary, 
it  remains  gaseous  even  at  150  to  200  atmospheres.  The  critical 
point  is  therefore  not  far  from  zero. —  (7.  J?.,  Ixxxviii,  236,  Feb. 
1879.  G.  F.  R 

4.  071  the  Ytterbia  of  Marignac^  and  on  a  New  JEJlemefit, 
Scandiuni, — Nilson,  who  was  on  the  point  of  commencing  an  in- 
vestigation of  the  gadolinite  and  euxenite  earths  when  Marignac^s 
paper  appeared,  has  proceeded  with  it  since  this  chemist  has  given 
It  up  for  want  of  material.      Having  63  grams   of  erbia^  the 
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molecular  weight  of  which  was  12 0*25,  he  sought  at  first  to  sepa- 
rate the  ytterbia  by  a  modification  of  Marignac's  process,  ceasing 
to  heat  the  melted  mass  so  soon  as  red  fumes  appeared.  But  it 
proved  too  tedious  and  he  returned  to  the  unmodified  method, 
^fter  thirteen  series  of  decompositions  of  the  nitrates  by  heat, 
there  remained  a  basic  nitrate  which  showed  only  feeble  absorp- 
tion bands  in  the  green  and  red.  The  solution,  precipitated  with 
oxalic  acid,  was  evaporated  and  gave  3*5  grams  of  a  white  earth 
with  a  scarcely  perceptible  rose  tint,  whose  molecular  weight  was 
127*64.  This  low  number  led  the  author  to  suspect  the  presence 
of  a  new  element  in  the  ytterbia,  and  a  poition  of  the  chloride 
was  submitted  to  Thal6n  who  found  lines  differing  from  any 
previously  observed  in  this  group.  The  earth  was  converted  into 
nitrate,  a  suitable  quantity  of  sulphuric  acid  was  added,  the  solu- 
tion was  evaporated,  finally  over  a  naked  fire,  but  at  such  a  tem- 
perature that  the  residue  dissolved  perfectly  in  water.  The 
molecular  weight  of  the  earth  diminished  gradually  until  it  reached 
105*83,  and  yet  traces  of  ytterbia  were  present.  Examined  again 
speotroscopically  by  Thalen,  it  gave  twenty-nine  lines,  the  strong- 
est of  which  had  wave  lengths  of  6078*5,  6054,  6019,  5736,  5729, 
5719,  5710*5,  5700,  5686.  5671,  5657*5,  55'26,  5089,  5084*5,  5082*3, 
4739,  4736*5,  4733.  To  the  element  thus  established,  Nilson 
ffiyes  the  name  Scandium,  since  the  two  minerals  gadolinite  and 
euxenite  in  which  it  occurs  are  of  Scandinavian  origin.  Its  oxide 
18  a  colorless  earth,  the  solutions  of  which  give  no  absorption 
bands.  It  is  after  calcination  attacked  with  difficulty  by  dilute 
nitric  acid,  more  readily  by  h^drochloria  Oxalic  acid  precipitates 
it  completely.  The  nitrate  is  completely  decomposed  at  a  tem- 
perature at  which  ytterbium  nitrate  is  only  partially  converted 
into  a  basic  salt.  Its  sulphate  is  not  changed  at  high  tempera- 
tures, but  is  completely  decomposed  by  calcination  with  ammonium 
carbonate.  Calculated  from  ScO,  the  atomic  weight  cannot  be 
fiir  from  90;  though  if  scandia  be  Sc,0„  the  at.  wt.  would  be  135. 
The  solutions  from  which  the  various  basic  nitrates  had  deposited 
were  then  submitted  to  examination.  The  result  showed  that 
while  the  molecular  weight  of  the  earth  which  bad  precipitated 
from  the  solution  as  basic  nitrate  continued  to  diminish,  that  of 
the  earth  which  remained  in  solution  remained  constantly  the 
same,  about  131.  Eight  of  the  mother  liquors  gave  a  substance 
whose  molecular  weight  was  above  131.  Treated  again  by  Marig- 
nac's  method  eiffht  times,  these  afforded  3*5  grams  of  an  earth  of 
a  molecular  weisht  of  131*63,  the  fused  nitrate  of  which  gave 
only  a  single  feeble  crbia  absorption  band  in  the  green.  Repeat- 
ing the  operation,  the  last  traces  of  erbia  were  eliminated  and 
the  ytterbia  obtained  pure,  its  nitrate  showing  no  absorption 
ban^  The  erbia  of  previous  authors  then  is  nearly  all  ytterbia 
and  only  a  few  per  cent  erbia.  The  author  hopes  to  study  erbia, 
ytterbia  and  scandia  more  carefully,  since  he  has  in  conjunction 
with  Cl^ve,  begun  work  on  ten  kilograms  each  of  gadolinite  and 
euxenite. —  C\  li.y  Ixxxviii,  642,  645,  March,  1879.  o.  f.  & 
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6,  On  an  AmidoniiraetUphide  of  Iron* — Dbmkl  has  repeated 
the  experiment  of  acting  upon  a  ferrous  solution  with  potassium 
nitrite  and  ammoniam  sulphide,  first  noticed  by  Roassin,  in  order 
to  study  more  carefully  the  product  To  prepare  the  compound, 
20  grams  potassium  nitrite  is  dissolved  m  300  c  c.  water,  the 
solution  is  heated  to  boiling,  40  c.  c.  ordinary  ammoniam  sulphide 
solution  is  added,  and  the  heating  continued  for  a  few  miDnte& 
A  solution  of  33  grams  crystallised  ferrous  sulphate  in  200  cc.  water 
is  then  added  gradually  with  shaking  and  the  liquid  boiled  for  ten 
minutes.  It  is  then  filtered  and  the  filtrate  deposits  black  needle- 
shaped  crystals,  which  after  recrystallization  from  water  are 
obtained  as  brilliant  black  prisms.  They  decompose  in  the  air, 
are  easily  soluble  in  water,  alcohol  and  ether,  evolve  H,S  with 
dilute  and  brown  vapors  with  strong  HCl,  and  give  off  ammonii 
when  boiled  with  EOH.  Even  below  100^  this  body  decomposes, 
evolves  heat  and  leaves  ferrous  sulphide.  Analysis  showed  that 
the  nitrogen  was  united  {)artly  to  oxygen  and  partly  to  hydrosen, 
all  the  hydrogen  being  united  to  nitrogen.  The  numbers  obtamed 
gave  the  empirical  formula  FeSN,H,0„  from  which  and  the  facts 

Fe 


|sn6. 


above  given  the  rational  formula  must  be  II    |  qxh**       Similar 

compounds  with  nickel,  cobalt  or  manganese  have  not  yet  been 
obtamed. — Ber.  Berk  (Jhem,  Ge».,  xii,  461,  March,  1879. 

G.  F.  a 

6.  On  a  New  Method  of  producing  Ketones, — Vox  Bechi  has 
modified  the  method  for  preparing  ketones  originallv  suggested 
by  Freund.  In  place  of  using  zinc  radicals,  he  employs  iodides 
of  the  alcohol  radicals  in  presence  of  sodium.  In  a  dilute  etberial 
solution  of  equal  molecules  of  ethyl  iodide  and  benzoyl  chloride^ 
well  cooled,  is  placed  the  necessary  quantity  of  sodium ;  at  first 
no  action  is  observable,  but  soon  a  yellow  powder  separates  con- 
sisting of  sodium  iodide  and  chloride.  After  48  hours,  the  whole 
is  extracted  with  ether  and  the  ether  evaporated.  A  brown  liquid 
is  left,  which  washed  with  water  and  fractionated,  distills  between 
205*  and  2 1 0°,  is  a  light  yellow  refractive  oil  of  agreeable  odor 
having  the  composition  of  phenylethylketone.  The  reaction  is  as 
follows: 

I  ciljl  +  I  ?*"•  +  ""-^  =  N'^I  +  NaCl  +  CO  I  If, 

The  method  appears  general. — Ber.  BerL  Chem.  Ges.^  xii,  468, 
March,  1^79.  G.  F.  B. 

7.  0?i  the  Production  of  Aurin, — Clermont  and  Fbommel 
have  succeeded  in  producing  aurin  directly  by  acting  upon  phenol 
by  a  mixture  of  carbonous  oxide  and  oxygen  in  sealed  tubes. 

(C.H.OH).+CO,=;<.H;gg  t  C  ]  g.H.  J 

The  CO,  must  be  nascent  to  produce  the  eflfect. —  C.  -R.,  Ixxxviii, 
655,  March,  1879.  G.  F.  B. 
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8.  Rctdiometer. — In  recent  numbers  of  Nature  (April  drd  and 
April  10th,  1879),  Mr.  W.  Cboo&es  ^ives  nn  abstract  of  his  later 
researches  on  the  '^Repulsion  resafting  from  Radiation.^'  He 
first  discusses  the  amount  of  repulsion  produced  by  radiation  on 
disks  of  various  kinds  and  coated  with  aifferent  substances.  The 
very  delicate  and  ingenious  apparatus,  by  which  the  repulsive 
forces  were  compared,  is  described  at  length ;  and  the  description 
fihows  what  great  skill  has  been  acquired  in  controlling  the  obscure 
phenomena,  which  Mr.  Crookes  has  so  successfully  elucidated. 
t'or  details  and  numerical  results  we  must  refer  to  the  original 
papers.  The  repulsions  were  measured  both  when  no  screen  was 
interposed,  and  also  when  a  cell  of  water  was  inserted  in  the  path 
of  the  rays;  and  the  difference  in  the  relative  effects  under  these 
conditions  is  very  striking.  These  phenomena,  which  are  similar 
to  those  first  described  by  IMelloni  under  the  name  of  ^*  Thermo- 
crosis'*  are  among  the  most  interesting  results  of  the  investigation. 
In  order  to  compare  the  two  classes  of  results,  it  was  first  determined 
that  the  actual  amount  of  repulsion  on  a  lamp-blacked  disk,  when 
the  water-screen  was  interposed,  was  only  one- twelfth  of  that  ex- 
erted by  the  standard  candle  fiame  when  no  screen  was  in  the 
way,  the  distance  of  the  candle  and  other  things  being  of  course 
equal.  With  the  effect  on  the  standard  lamp-blacked  disk  the 
other  repulsions  were  compared  and  hence  if  the  direct  effect  of 
the  source  employed  on  this  disk  is  arbitrarily  expressed  by  the 
Dumber  100,  the  effect  of  the  same  source  on  the  same  disk  through 
the  given  water  screen  but  under  otherwise  identical  conditions, 
would  be,  according  to  the  determination  iust  referred  to,  ex- 
pressed by  the  number  8*3.  The  other  numbers  of  the  following 
table  have  a  similar  meaning. 

Water  sereen   Per  cento  wltb 
No  eereen.         interposed,     water  screen. 

Lampblack  (Atandard  disk), 100*  8 '3  1 00* 

(Chromic  oxide  (pale  green), 71*6  1*7  20*4 

Copper  tungstate, 51-2  6*4  768 

Prosulphocyanogen, 43*9  1*0  12'0 

Saffranin, 410  4*3  61« 

Hjdrated  sine  oxide, 40*6  1*2  14*4 

Barium  sulphate, 37*4  0*3  3*6 

Selenium  precipitated, 35'8        '       5*8  69'6 

Copper  oxalate, 30*1  3*3  39  6 

Calcium  carbonate, 28*5  0*3  3*6 

It  appears  from  this  table  that  the  substances  experimented  on 
may  be  divided  into  two  classes. 

(1.)  Negative:  those  in  which  the  repulsion  behind  water  bears 
a  greater  proportion  to  the  standard  than  when  no  screen  is  inter- 
posed. 

(2.)  Positive :  those  in  which  the  repulsion  behind  water  bears  a 
les9  proportion  to  the  standard,  than  when  no  screen  is  interposed. 

Amongst  Class  1,  are  copper  tungstate,  saffranin,  selenium  and 
copper  oxalate.  Amongst  Class  2,  chromic  oxide,  persulphocy- 
anogen,  hydrated  zinc  oxide,  barium  sulphate  and  calcium  carbo- 
nate. Evidently  these  differences  must  correspond  to  a  difference 
in  the  capacity  of  absorbing  the  luminous  and  the  non-luminous 

Am.  Jocjb.  8ci.~TBrRD  Sbbiss,  Vol.  XVII,  No.  103.^Juicb,  1879. 
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ultra  red  rays,  or  in  other  words  to  the  thennocrosis  of  the  seven! 
pigments  employed. 

As  might  be  expected,  the  differences  of  qoalities  just  described 
are  brought  out  most  strikingly  when  coatings  of  opposite  classes 
are  balanced  against  each  other  on  the  vanes  of  the  movable  flj 
of  a  radiometer,  and  this  instrument  can  be  constructed  with  a 
movable  glass  cap  made  tight  by  cement,  so  that  the  fly  may  be 
removed  and  the  vanes  shifted  at  pleasure.  We  quote  from  Mr. 
Crookes's  paper  the  following  description  of  the  singular  results 
he  thus  obtained. 

"  Disks  coated  on  alternate  sides  with  chromic  oxide  and  pre- 
cipitated selenium  move  in  one  direction  to  the  naked  flame  of  a 
candle  and  in  the  other  direction  when  a  water  screen  is  inter* 

Sosed.  With  saf&anin  and  hydrated  zinc  oxide,  the  instnnnait 
oes  not  move  at  all  when  exposed  to  the  naked  flame,  but  re- 
volves when  a  water  screen  is  interposed.  With  thallic  oxide  and 
Magnus's  green  platinum  salt,  the  instrument  moves  strongly 
when  no  screen  is  interposed,  but  is  stopped  with  a  water-screen. 
These  results  are  all  in  conformity  with  the  figures. '^ 

'*A  pith  radiometer  coated  with  precipitated  selenium  and 
chromic  oxide  was  exposed  to  the  radiation  from  a  colorless  gas 
flame  of  a  Bunsen  burner,  and  also  to  the  same  colored  intensely 
green  by  thallium.  To  the  eye,  by  this  light,  the  chromic  oxide 
looked  nearly  white  and  the  selenium  black.  The  rotation  due  to 
the  repulsion  of  the  chromic  oxide  was  however  apparently  as 
strong  as  when  the  non-luminous  flame  was  used.  Tnis  experi- 
ment proves  that  certain  substances  have  an  opposite  absorptive 
action  on  rays  of  dark  heat  to  what  they  have  on  light,  and  that 
an  optically  white  body  may  be  thermically  black,  and  vice  versa. 
In  this  case,  for  instance,  chromic  oxide  was  optically  green  and 
therrnically  Mack,  while  scarlet  selenium  was  thermically  white 
and  optically  black." 

It  was  originally  thought  that  a  slice  of  tourmaline,  being  black 
to  a  ray  of  light  polarized  in  one  plane  and  white  to  a  ray  polarized 
in  the  other  plane,  would  be  repelled  when  the  incident  light  was 
quenched  by  it,  and  not  affected  when  the  incident  light  passed 
through  it.  Mr.  Crooke&'s  measurements,  however,  show  that  this 
action  does  not  exist  to  any  appreciable  degree.  He  experimen- 
ted on  a  plate  of  tourmaline  suspended  in  vacuo  on  a  torsion  bal- 
ance, and  measured  the  amount  of  repulsion  produced  by  a  beam 
of  polarized  light  when  in  different  planes,  and  he  explains  the 
negative  results  by  saying  that  while  the  repulsion  resulting  from 
radiation  is  almost  entirely  a  surface  action,  the  action  of  a  tour- 
maline on  a  polarizer  is  one  in  which  thickness  is  necessary. 

The  analysis  which  Mr.  Crookes  next  gives  of  the  effect  of  the 
shape  of  the  vanes  of  a  radiometer  in  influencing  the  amount  and 
direction  of  repulsion  is  very  ingenious,  and  highly  interesting; 
but  the  discussion  cannot  be  made  intelligible  without  the  nume- 
rous figures  with  which  the  papers  are  illustrated.  It  is  sufficient 
to  say  that  the  effects  are  shown  to  be  in  accordance  with  the 
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theory  which  Mr.  Crookes  has  so  fully  worked  out.  One  of  the 
most  remarkable  of  these  effects  is  that  produced  by  the  viscosity 
of  air  which  at  a  rarefaction  of  129  millionths  of  an  atmosphere, 
appears  to  be  only  a  little  less  than  its  viscosity  at  the  normal 
density,  and  hence  the  vanes  of  a  radiometer  at  a  speed  of  100 
revolutions  a  minute  exert  a  considerable  drag  on  a  disk  of  mica 
rotating  just  above  thenu 

In  reading  these  very  interesting  papers  one  is  greatly  im- 
pressed by  the  perfection  to  which  the  mercury  pump,  and  the 
means  of  measuring  the  degree  of  exhaustion  which  the  pump 
produces,  has  been  brought.  In  some  of  his  experiments  Mr. 
Urookes  speaks  of  carrying  the  exhaustion  to  four  ten-millionths 
of  an  atmosphere,  and  we  quote  as  follows  from  the  close  of  his 
article. 

*^In  concluding  this  abstract  of  my  researches  on  Repulsion 
resulting  from  Radiation  I  cannot  refrain  from  pointing  out  how 
erroneous  the  ordinary  ideas  of  a  *  vacuum^  are.  Formerly  an  air 
pump  which  would  diminish  the  volume  of  air  in  the  receiver 
one  thousand  times  was  said  to  produce  a  vacuum.  Later  a  *  per- 
fect vacuum'  was  said  to  be  proanced  by  chemical  absorption,  and 
by  the  Sprengel  pump,  the  test  being  that  electricitv  would  not 
pass;  this  point  being  reached  when  the  air  is  rarened  one  hun- 
dred thousand  times.  Now  Mr.  Johnston  Stony  has  calculated 
that  the  number  of  molecules  in  a  cubic  centimeter  of  air  at  the 
ordinarypressnre  is  probably  something  like  one  thousand  tril- 
lions. When  this  number  is  divided  by  2,500,000  there  are  still 
four  hundred  billion  molecules  in  every  cubic  centimeter  of  gas  at 
the  highest  exhaustion  to  which  I  carried  the  experiment,  a  rare- 
fjEU^ion  which  would  correspond  to  the  density  of  the  atmosphere 
about  seventy-five  miles  above  the  earth's  surface,  that  is,  if  its 
density  decreases  in  geometrical  progression  as  its  height  increases 
in  arithmetical  progression.  Four  hundred  billion  molecules  in 
a  cubic  centimeter  appear  a  sufficiently  large  number  to  justify 
the  supposition  that  when  set  into  vibration  by  a  white  hot  wire 
they  may  be  capable  of  exerting  an  enormous  mechanical  effect." 

9.  The  Magic  Mirrors  of  Japan, — ^The  bronze  mirrors  of  Japan 
are  usually  circular,  from  three  to  twelve  inches  in  diameter,  made 
of  bronze,  and  with  a  bronze  handle  covered  with  bamboo.  The 
reflecting  face  is  generally  more  or  less  convex,  polished  with  a 
mercury  amalgam  and  the  back  is  ornamented  with  a  varied  de- 
sign. The  magic  property,  which  is  only  possessed  by  a  few  rare 
specimens,  appears  when  a  bright  beam  of  light  is  reflected  by  the 
polished  surface  on  to  a  screen.  There  is  then  seen  on  the  screen 
an  image  formed  of  bright  lines  on  a  dark  ground  more  or  less 
perfectly  representing  the  pattern  on  the  back  of  the  mirror,  al- 
though not  only  is  the  latter  wholly  hidden  from  the  light  but 
also  the  polished  surface  itself,  if  looked  at  directly,  acts  like  an 
ordinary  mirror  reflecting  the  objects  in  front  of  it,  and  giving  no 
indications  whatever  of  the  raised  patterns  on  the  back.  In  the 
**  Friday  evening  discourse  at  the  Royal  Institution"  of  Jan.  24, 
reported  in  Nature  of  April  10th,  Prof.  W.  E.  Ayrton  gives  a  full 
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aud  satisfactory  explanation  of  this  remarkable  effect,  which  so  fir 
from  being  intentional  on  the  part  of  the  manufactarers  of  the  mi^ 
rors,  appears  to  have  been  quite  unknown  to  the  Japanese,  al- 
though known  to  the  Chinese  from  the  earliest  times.  It  appeared 
from  the  experiments  of  Professor  Ayrton  that :  1,  when  a  diver- 
gent beam  of  light  fell  on  the  mirror  the  pattern  appeared  is 
bright  on  a  dark  ground ;  2,  when  the  beam  was  parallel  the  pat- 
tern was  invisible ;  3,  when  the  beam  was  convergent  the  pattern 
appeared  as  dark  on  a  light  ground.  These  and  similar  experi- 
ments exhibited  by  the  lecturer  all  point  to  the  conclusion  that 
the  effect  is  caused  by  inequalities  m  the  curvature  of  the  re- 
flecting surface  corresponding  to  the  raised  pattern  on  the  back, 
the  portions  where  the  relief  increases  the  thickness  of  the  plate 
being  flatter  than  the  remaining  convex  surfstce,  and  even  being 
sometimes  actually  concave.  Professor  Ayrton  fully  describes 
how  such  an  irregular  form  would  result  from  the  peculiar  mode 
by  which  the  Japanese  produce  the  polished  surfaces;  whenever 
the  bronze  casting  is  thus  worked  sufficiently  thin  to  determine  a 
"  buckling"  of  the  metal.  This  result  is  very  exceptional  No 
thick  mirror  reflects  the  pattern  on  the  back,  and  not  more  than 
two  or  three  per  cent  oi  the  ordinary  Japanese  bronze  mirrors 
show  the  magic  property  clearly.  j.  p.  a,  jr. 

II.  Geology  and  Mineralogy. 

1.  The  Cincinnati  Group, — A  committee  was  recently  appointed 
by  the  Cincinnati  Society  of  Natural  History  to  consider  "ques- 
tions of  geological  nomenclature,"  and  especially  the  propriety  of 
using  the  term  "  Cincinnati  Group,"  as  nrst  proposed  by  Meek, 
for  the  Hudson  River  Group,  and  the  age  of  the  Lower  Silurian 
rocks  of  Southwestern  Ohio,  Southeastern  Indiana  and  Kentucky. 
The  following  are  extracts  from  this  very  satisfactory  report. 

"  The  fossils  found  in  the  strata,  for  twenty  feel  or  more  above 
low  water  mark  of  the  Ohio  river,  in  the  firet  ward  of  the  city  oi 
Cincinnati,  and  on  Crawfish  creek,  in  the  eastern  part  of  the  city, 
and  in  Taylor's  creek,  east  of  Newport,  Kentucky,  a^  an  elevation 
of  more  than  fifty  feet  above  low  water  mark  in  the  Ohio  river, 
indicate  the  age  of  the  Utica  Slate  Group  of  New  York.  A  fauna 
is  represented  in  these  rocks  that  is  not  found  above  or  below 
them.  Within  this  range  we  find  the  T^iarthus  Bcckii^  Leperditia 
JByrneai^  Leptoholus  lepis,  Bxithotrephie  rarmdoea,  and  several 
species  of  Graptolites,  Crinoids,  Bryozoans  and  Brachiopods,  that 
seem  to  be  confined  within  its  limits.     ♦     ♦     ♦ 

''Above  the  range  of  the  Triarthus  Beckii^  the  fossils,  as  well 
as  the  position  of  the  rocks,  indicate  the  age  of  the  Hudson  River 
Group  of  New  York,  and  we  have  no  hesitation  in  so  referring 

them,  and  entertain  no  doubt  of  the  correctness  of  the  reference. 

41      «     ♦ 

"  In  Southeastern  Indiana  neither  the  Trenton  nor  Utica  slate 
appear,  and,  consequently,  we  refer  all  the  Lower  Silurian  rocks 
of  that  State  to  the  Hudson  River  Group. 
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"The  Trenton  Group  is  not  exposed  at  Cincinnati,  nor  at  any 
point  in  Ohio  west  of  the  city,  but  we  think  it  is  probable  that 
It  may  be  represented  in  the  banks  of  the  Ohio  river  a  few  miles 
east  of  the  citv.  The  Utica  Slate  is  represented  in  Ohio  only  in 
the  banks  of  the  river,  at  the  city  of  Cincinnati,  and  east  of  the 
city,  and  in  the  excavations  near  the  mouths  of  the  streams  which 
enter  the  river  east  of  the  city.  Consequently  all  the  Lower 
Silurian  rocks  in  Southwestern  Ohio  belong  to  the  Hudson  River 
Group,  except  those  represented  by  the  small  exposures  in  the 
banks  of  the  river  at  Cincinnati,  and  east  of  the  city,  in  the  imme- 
diate vicinity  of  the  river. 

"  The  conclusion  to  which  we  have  come  is,  that  all  the  Lower 
Silurian  rocks  which  we  have  had  under  consideration,  are  to  be 
referred  to  the  Trenton,  Utica  Slate  and  Hudson  River  Groups, 
and  that  the  name  'Cincinnati  Group'  should  be  dropped,  not 
only  because  it  is  a  synonym,  but  because  its  retention  can  sub- 
serve no  useful  purpose  in  the  science,  and  because  it  will,  in  the 
future,  as  in  the  past,  lead  to  erroneous  views  and  fruitless  discus- 
sion. And  we  would  add  that  so  far  as  any  investigations  of  these 
rocks  have  been  made,  they  have  not  led  to  any  other  or  further 
subdivisions  than  those  which  we  have  adopted,  and  which  have 
been  so  thoroughly  and  firmly  established  by  the  geologists  of  the 
State  of  New  York." — Signed:  S.  A.  Miller,  Fred  Braun,  Jno. 
Mickleborough,  John  W.  Hall,  Jr.,  E.  O.  XJlrich,  A.  G.  Weth- 
erby,  Geo.  W.  Harper,  Paul  Mohr,  C.  B.  Dyer,  R.  M.  Byrnes. 

This  Report,  besides  appearing  in  the  publications  of  the  Cincin- 
nati Society,  is  also  published  in  the  tenth  Annual  Report  of  the 
Geological  Survey  of  Indiana,  where  it  is  followed  by  a  long  list 
of  the  fossils  found  over  the  region  referred  to,  in  the  Hudson 
River,  Utica  Slate  and  Trenton  Groups,  by  S.  A.  Miller  of  Cincin- 
nati 

2.  Atlas  to  the  Coal  Flora  of  Pennsylvania^  and  of  Carbon- 
iferoua  Formations  throughout  the  United  States ;  by  Leo  Les- 
QUBBBUx.  Second  Geological  Survey  of  Pennsylvania. — This 
atlas  by  Mr.  Lesquereux  is  a  volume  of  eighty-seven  plates,  issued 
in  advance  of  the  volume  of  descriptive  text.  The  plates  are  of 
remarkable  beauty  and  perfection.  The  drawings  were  prepared 
with  great  care  and  the  engraving  is  excellent.  To  Mr.  Lesque- 
reux, the  author,  and  to  Professor  Leslev  and  the  Geological  Com- 
missioners of  Pennsylvania,  who  have  liad  the  volume  published 
in  such  admirable  style,  the  thanks  of  all  friends  of  paleontolog- 
ical  botany,  the  world  over,  will  be  given  without  stint  The 
work  at  once  becomes  the  necessary  hand-book  for  all  who  would 
study  American  coal  plants.  The  atlas  contains  figures  of  260 
species  which  have  been  named  and  described  by  Mr.  Lesquereux, 
and  of  these  122  are  now  for  the  first  time  figured. 

Of  his  modifications  of  classification — such  as  his  new  genus 
Pseudopecopteris — we  can  better  judge  when  the  volume  of  text 
\a  received.  Over  thiity  species  of  Neuropteris  are  figured,  and 
more  than  twenty  of  recopteris,  and  the  whole  department  of 
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fossil  botany  receives  new  illustrations  from  American  speciinens. 
Much  Hj^ht  is  thrown  upon  the  Cordaites  gronp,  a  class  of  Car- 
boniferous plants  hitherto  a  great  puzzle  to  botanists.  We  shall 
notice  this  rich  contribution  to  science  more  in  detail  when  we 
have  received  the  volume  of  descriptions. 

3.  MatericUien  zur  Mineralogie  littsslandy  von  Nikolai  von  Kok- 
scharow.  Vol.  viii,  pp.  177-384,  vol.  ix,  pp.  1-32. — Minendc^ists 
will  welcome  an  addition  to  the  great  work  of  Professor  Kok- 
scharof  on  the  Mineralogy  of  Russia ;  the  seventh  volume  is  thus 
completed  and  an  eighth  commenced.  The  description  of  the  crys- 
talline form  of  each  species  considered  is  marked  by  the  same 
accuracy  and  thoroughness  that  has  characterized  the  work  from 
the  begiunins.  The  following  are  the  more  important  species 
described:  Sreunerite;  pyrite;  species  of  the  mica  group; 
waluewite  (anew  species  near  xanthophyllite) ;  perofskite;  eu- 
dialyte. 

4.  Neues  Jahrbtich  far  Mineralogie^  Oeologie  and  JPcUeoniolO' 
gie, — The  long  known  and  highly  valued  Jahrbuch  ftlr  Mineralo- 
gie, etc.,  has  passed  into  the  hands  of  a  new  corps  of  editors: 
Jrrofessor  E.  W .  Benecke,  in  Strassburg,  will  have  charge  of  tbe 
Geology  and  Paleontology ;  Prof  C.  Klein,  in  Gdttingen,  of  tbe 
MineraWy  ;  and  Prof.  H.  Roscnbusch,  in  Heidelberg,  of  the  lith- 
ology.  The  first  number  under  these  editors  has  just  appeared, 
(dnttes  u.  viertes  Heft,  1879).  It  contains  a  large  number  of 
original  articles,  and  with  the  correspondence  and  extracts  of 
papers  in  the  different  departments,  covers  255  pages.  The  many 
workers  in  science  who  have  used  the  Jahrbuch  in  years  past,  will 
wish  for  it  a  long-continued  career  of  usefulness. 

5.  JBrief  notices  of  some  recently  described  Minerals', — HuntUiU, 
Described  by  Prof.  Henry  Wurtz,  as  occurring  in  two  varieties. 
The  most  abundant  variety  is  amorphous,  often  porous  and  crum- 
bly, dark  slate-gray,  or  almost  black  in  color,  and  entirely  dull  in 
luster.  The  other  kind  has  a  lighter  slate-color,  a  crystalline 
structure,  and  probably  one  cleavage ;  it  is  intimately  associated 
with  ealcite.  The  hardness  is  2*5  ;  the  streak  is  bronze-color;  tbe 
mineral  is  sub-malleable.  Analyses  of  the  two  kinds  gave  the  fol- 
lowing results : 

1.  Amorphous.     2.  Crystallized. 

Ab      Sb      S       Ilg    Ag      Co     Ni     Fe    Zn    H,0  gangue. 

1.  2110    3-33  0-78  1*04  6900  392  1-96  306  242  019  3-23  =  10003  G.=T-47 

2.  23-99   4-25  1*81   1*11  4467  7*33  211   853  305  0-33  1-65=   98-83  G.=6-27 

The  mercury  is  believed  to  be  present  as  amalgam  ;  the  snlphor 
as  pyrite ;  after  tbe  deduction  of  these,  the  following  ratios  are 
obtained,  the  arsenic  and  antimony  being  taken  together,  and  all 

the  metals  combined,  according  to  their  quanti valences  : — As :  R=: 
1:2  90  (amorphous)  and  =1:2-99  (crystalline).  The  general  formula 
AsAg,  is  proposed,  but  the  results  of  the  analyses  would  suggest 

frave  doubts  as  to  the  homogeneity  of  the   material   exammed. 
ound  at  the  Silver  Islet  Mine,  Lake  Superior.     Named  after  Dr. 
T.  Sterry  VL\xut.— Engineer,  and  Minitig  J,,  Jan.  25,  1879. 
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AnimikiU,  Annoanced  provieionally  by  Prof.  Wurtz.  It 
occurs  sometimes  in  incnistations  over  masses  of  hnntilite ;  also 
in  large  isolated  plates  or  slabs.  Specific  gravity  =9*45.  Color 
white  or  grayish-white.  Fracture  fine  granular,  conchoidal.  An 
analysis  gives:  Sb  11-18,  As  -86,  S  1-49,  Hg  -99,  Ag  77-68,  Co 
2-10,  Ni  1-90,  Fe  1-68,  Zn  0-30,  gangue  l-68=99-81.  Found  at 
the  Silver  Islet  Mine,  Lake  Superior.  Named  from  the  Indian 
word  animikiej  meaning  thundery  whence  Thunder-Bay.  —  Ihid.^ 
Feb.  22. 

JRandite.  Occurs  as  a  lemon-vellow  incrustation  on  granite 
from  Philadelphia.  Earthy,  probably  crystalline.  Hardness  =z2-3. 
An  analvsis  upon  -047  gr.  gave:— CaO  32-60,  U,0,  31-63,  H,0 
6-63,  (CO,  29-34  by  difference)  =100.  The  formula  deduced  is 
Ca^lJ,C,0,,4"3H  O,  which,  in  case  it  is  confirmed  by  further  ex- 
amination, would  place  it  near  lit^bi^te.  Named  after  Mr.  Theo- 
dore D.  Rand,  of  Philadelphia.  —  JProc,  Acad.  Nat.  Set.  Phila- 
delphia^  1878,  408. 

Hannayite^  NewheryUe.  Two  new  phosphates  from  the  guano 
of  the  Skipton  Caves,  Victoria,  described  by  vom  Rath.  Hannay- 
ite  crystallizes  in  the  triclinic  system ;  cleavage  basal  perfect, 
^  less  perfectparallel  to  the  two  prismatic  planes.  Specific  gravity 
"=1*893.  Tne  mean  of  two  analyses  gave:  P^O^  46-70,  MgO 
18-90,  Ammonia  8-09,  H,0  28-20=1 00-89.  The  loss  of  water  be- 
tween lOO''  and  120®  is  21-08  per  cent. 

Newberyite  crystallizes  in  the  orthorhombic  system.  The  cleav- 
age is  brachdiagonal  perfect,  also  basal  imperfect.  An  analysis 
fave :  P,0^  41-26,  (MgO  23-02  by  difference),  HO  36-73=100-00. 
Tie  formula  deduced  is  Mg,P,0^-J-7aq. — BulL  hoc.  Min.  France^ 
1879,  79. 

Ill  Botany  and  Zoology. 

1.  Catalogue  of  the  Davenport  Herbarium  of  North  American 
JPem8y  Massachusetts  Horticultural  Society  '  by  George  E. 
Davenport.  Salem,  1879.  8vo,  pp.  v,  42. — This  is  a  very  full 
catalogue  of  the  known  Ferns  of  the  United  States  and  British 
America,  and  contains  the  names  of  collectors  and'donors,  and  the 
localities  of  all  the  North  American  ferns  in  the  very  rich  collec- 
tion which  Mr.  Davenport  has  presented  to  the  Massachusetts 
Horticultural  Society.  The  genera  and  species  are  arranged  very 
nearly  in  the  same  order  as  that  of  Mr.  Robinson's  check-list,  and 
that  IS  based  on  the  system  of  Mettenius.  The  Catalogue  con- 
tains the  names  of  32  genera  and  142  species,  all  but  one  or  two 
of  which  are  represented  in  the  Herbarium  by  North  American 
specimens.  A  good  many  excellent  notes  on' critical  forms  are 
scattered  through  the  book,  and  no  student  of  our  Ferns  can 
afford  to  neglect  its  pages.  Pteris  semdata  appears  here  for  the 
first  time  as  a  North  American  species,  having  been  discovered 
growing  spontaneously  in  the  vicinity  of  Mobile,  Alabama,  by 
Mr.  Charles  Mohr  of  that  city.  Polypodium  pectinatum  and 
Adiantum  tenerum  are  also  for  the  first  time  announced  as  Ferns 
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of  the  United  States.  Specimens  of  the  former,  the  name  of 
which  had  not  been  definitely  nettled,  had  been  sent  to  Mr.  Cha& 
K  Faxon  to  draw  for  the  Fhms  of  North  America^  and  that 
gentleman  noticed  the  difference  between  them  and  his  own  sped- 
mens  of  P,  Plumulci,  He  brought  the  matter  to  the  attention  of 
the  writer  of  this  notice,  who  then  decided  to  call  the  large  form 
P  pectincUum  Linn.,  and  the  smaller  one  P.  Ptumula.  The  Adi- 
antum  had  been  for  a  year  or  more  in  the  hands  of  Mr.  Davenport 
and  Mr.  Faxon,  as  unchallenged  A,  CapiUus-  VeneriSy  and  was 
first  pronounced  something  different  from  that  species  by  Mrs. 
Dr.  Barnes,  of  Syracuse,  wlio  obtained  fronds  from  Hying  plants 
brought  from  Ocala,  Florida,  by  Mr.  Christian  Beh,  in  March,  1877. 

Mr.  Davenport  retains  Pellcea  brachyptera^  of  Baker,  as  a  dis- 
tinct species,  and  is  no  doubt  right  in  doing  so.  Within  the  last 
few  years  it  has  been  sent  in  by  many  collectors,  and  keeps  its 
distinctive  characters  even  better  than  some  other  recognised 
Californian  Ferns.  Adpidium  Bootii  of  Tuckerman,  is  maintained 
as  a  distinct  species,  and  so  is  A,  Americanum^  of  Davenport,  the 
A,  spiniUosuni  var.  intermedium  of  Gray's  manual. 

An  appendix  gives  a  list  of  doubtful  and  excluded  species,  and 
one  introduced  species,  Adiantum  cunecUum^  which  was  found 
"  Established  at  Valley  Falls,  Rhode  Island"  by  Mr.  J.  L.  Ben- 
nett, who  will  doubtless  give  full  particulars  of  his  discovery  in 
his  forthcoming  *^  Plants  of  Rhoae  Island.'*'*  [It  seems  hardly 
worth  while  to  introduce  into  a  work  like  this  a  mere  escape  from 
cultivation,  doubtless  transient.]  The  Catalogue  is  beautifully 
printed,  and  contains  very  few  typographical  or  other  errors  to 
mar  its  excellence.  d.  a  k. 

2.  Cane-sugar  in  Early  Amber  Cane, — Professor  Gcbssmann 
(Fifteenth  Annual  Report  of  Mass.  AgricuL  College)  comes  to 
the  following  conclusions  respecting  the  proportions  of  cane  and 
grape  sugar  in  this  variety  of  Sorghum  at  different  periods  of  its 
growth  :  Ist.  Grape-sugar  appears  in  the  cane  at  an  early  stage 
of  its  growth,  and  increases  slowly  to  from  three  to  four  per  cent 
before  cane-sugar  is  formed  ;  2d.  Cane-sugar  is  first  noticeable  at 
the  time  when  the  flower  stalks  become  visible  above  the  leaves, 
and  its  amount  increases  steadily  until  the  seeds  are  of  full  size, 
yet  still  soft ;  3d.  The  relative  proportion  of  grape-sugar  to  cane- 
sugar  at  any  time  before  the  hardening  of  the  seeds,  do  not  exceed 
3*16  per  cent  of  the  former  to  8*49  per  cent  of  the  latter,  in  the 
majority  of  cases  it  was  about  three  to  seven.  g.  l.  g. 

3.  Number  of  the  digestive  glands  in  Dioncea. — L4o  Errera, 
thinking  it  would  be  physiologically  interesting  to  know  the  number 
of  glands  to  each  flytrap  of  Dioncea^  made  a  careful  examination 
in  this  regard.  He  found  an  average  of  sixty  to  each  square  milli- 
meter, or  about  8,000  to  each  leaf.  See  Comptes-Rendus  des 
Stances  de  la  Soc.  Roy.  Bot.  de  Belgique,  April,  1879,  p.  66. 

A.  o. 

4.  Characece  Americance,  Illustrated  and  Described  by 
Timothy  F.  Allen,  A.M.,  M.D.,  etc. — This  work  is  published  by 
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the  author  himself,  in  very  handsome  style,  each  part  consisting 
of  one  leaf  or  page  of  letter-press  and  a  plate,  in  quarto  form.  The 
plate  is  printed  in  green  color.  ^  The  second  fascicle  has  also  a 
wood-cut  in  the  letter-press.  It  is  evident  that  Dr.  Allen  is  mak- 
ing* this  a  labor  of  love,  regardless  of  expense.  He  announces 
that  bis  work  ^*  will  be  issued  each  month,  and  will  include  every 
species  and  variety  known  to  American  waters.  The  author  will 
be  happy  to  send  the  work  to  botanists  and  receive  in  return  the 
CharaceoB  of  their  collecting,  to  the  number  of  iifty  specimens  of 
each  variety."  Directions  for  collecting  and  preparing  specimens 
of  CharcB  are  appended  to  the  announcement  on  the  cover.  Each 
plate  gives  a  view  of  a  specimen  in  the  natural  size,  a  fructiferous 
portion  magnified,  and  a  cross-section  of  stem.  The  general  view 
of  the  plant  is  particularly  good.  The  magnified  portions  have  a 
certain  stiffness  and  solidity,  which  will  probably  oe  got  rid  of  in 
future  trials.  Dr.  Allen  should  be,  and  we  may  be  sure  will  be, 
encouraged  to  carry  on  to  completion  an  undertaking  which  will 
make  an  obscure  and  neglected  branch  of  botany  popular  in  this 
country,  and  which  may  incite  to  new  discoveries.  a.  g. 

5.  Jaalesia ;  JRaccoUa  di  Oaservazionie  Botaniche  interna  aUe 
Piante  DdP  Archipelago  Indo-Mtdese  e  Papuano,  da  Odardo 
Bbccabl  VoL  I,  fasc.  1-3.  1877-78.  266  pp.  tab.  I-XV,  4to. 
Geneva.— Dr.  Beccari,  the  successful  explorer  of  New  Guinea, 
Borneo,  etc,  and  now  the  Director  of  the  Royal  Museum  at 
Florence,  is  publishing  in  this  fine  work  his  botanical  discoveries 
and  those  or  Signer  D'Albertis  as  fast  and  as  far  as  he  is  able  to 
elaborate  them.  Thus  far  the  articles  are  all  by  his  own  hand  ; 
and  the  work  bids  fair  to  be  one  of  the  most  important  of  recent 
contributions  to  systematic  botany.  It  is  not  often  that  we  can 
have  such  an  interesting  accession  to  Plisenogamous  Botany  as  is 
Beccari's  Coraia  ornata^  a  small  root-parasitic  plant  of  New 
Guinea  ^dedicated  to  the  Marquis  Corsi  Salviati),  which  may  be 
speculatively  viewed  as  a  sort  of  survival,  repi'esenting  a  type 
from  which  Orchidece  and  BurmanicicecB  have  proceeded.  The 
6-pbyllous  perianth  has  five  similar  and  lorate  divisions,  and  a 
sixth  much  larger  and  dilated  one  which  bears  a  nectary  within ; 
but  this  is  the  posterior  one  of  the  outer  series.  The  androecium 
has  its  full  compliment  of  six  wholly  normal  and  similar  antherif- 
erons  stamens,  with  the  inner  series  of  these  the  three  carpels  of 
of  the  ovary  normally  alternate ;  and  the  large  placentae  are  car- 
ried inward  on  imperfect  dissepiments,  thence  their  lamellaB  are 
revolute  toward  the  back  of  the  cells. 

The  first  fascicle  is  devoted  to  Palms;  the  second  to  these 
and  to  IcacinecB^  MenispermacecBy  MonimiacecBj  etc. ;  with  new 
genera  in  all ;  the  third  has  an  excursus  on  Nepenthes  and  its 
distribution,  and  describes  new  Burmanniaceos.  a.  g. 

6.  On  the  self-fertilization  of  Plants;  by  the  Rev.  Geobob 
Hbnslow,  M.A.,  F.L.S.,  etc.  A  memoir  in  the  Transactions  of 
the  Linnean  Society  of  London,  ser.  2,  Bot.  vol.  i.  pp.  318-398, 
with  a  plate.    R^id  Nov.  1,  1877.     Issued  1879. — ^This  paper  is 
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elaborate,  mostly  able  as  well  as  ingenious,  in  all  respects  cod- 
siderable,  and  anconvincing.  Its  thesis  is,  the  Darwinian  ^*  Na- 
ture abhors  perpetual  self-fertilization,"  read  backward.  It  con- 
cludes that,  **  not  only  are  the  majority  of  plants  self-fertilizing, 
but  that  those  which  are  exclusively  so  propagate  abundantly 
and  with  extraordinary  rapidity,  are  best  able  to  establish  them- 
selves in  foreign  countries,  as,  being  quite  independent  of  insects, 
they  ran  no  risk  of  extermination  on  that  score ;  .  .  .  that,  so  fiir 
from  there  being  any  necessarily  injurious  or  evil  effects  resulting 
from  the  self-fertilization  of  plants  in  a  state  of  nature,  they  have 
proved  themselves  to  be  in  every  way  the  best  fitted  to  survive  in 
the  great  struggle  for  life."  The  hypothesis  is  also  advanced  "  that 
they  are  all  degraded  forms,"  and  that  therefore  **  their  ancestral 
life-history  is  a  longer  one  than  that  of  their  more  conspicuous 
and  intercrossing  relations."  We  fail  to  see  how  this  follows, 
except  upon  the  assumption  that  the  earliest  phsenogamous  plants 
had  the  most  highly  organized  blossoms;  and  that  would  not 
accord  with  vegetable  paleontology. 

Mr.  Henslow  rejoices  that  he  has  one  staunch  supporter ;  "  for, 
as  has  been  seen,  Mr.  T.  Meehan  has  arrived  at  the  same  conclu- 
sion ;"  and  indeed  he  builds  not  a  little  upon  facts  supplied  by 
Mr.  Meehan's  observations.  He  cites  the  latter's  '*  admirable 
paper,  which  was  reproduced  in  the  *  (Gardner's  Chronicle'  for 
Sept,  11,  1876,  and  is  in  fact  an  *  apology'  for  self-fertilization." 
As  he  then  marshalls  twenty  reasons  for  believing  particular 
plants  to  be  normally  self-fertilizing,  and  nineteen  "enief  facts 
which  may  be  regarded  as  occurring  correlatively  with  self-fertil- 
ization, some  being  actual  causes  which  directly  or  indirectly 
bring  it  about,"  it  would  appear  that  it  is  no  longer  self-fertiliza- 
tion, but  rather  the  existence  and  raison  cPBtre  of  cross-fertiliza- 
tion that  stands  in  need  of  apology,  or  of  explanation. 

He  treely  concedes  that  the  flowers  of  many  plants,  and  some 
whole  orders,  are  so  constructed  that  intercrossing  is  for  them  a 
necessity ;  also  that  most  of  those  which  are  believed  "  to  be 
normally  self-fertilizing"  because  they  can  and  do  fertilize  them- 
selves habitually,"  yet  "may  in  some  cases  be  cross-fertilized 
by  insects."  It  is  admitted  that  the  structure  of  the  latter  is 
adapted — most  variously  and  wondrously  adapted — to  being  fer- 
tilized by  particular  insects.  As  this  comes  to  pass  in  plants  and 
flowers  of  the  highest  organization  and  greatest  specialization, 
Darwin  and  his  school  conclude  that  this  is  a  most  advantageous 
outcome,  and  means  some  real  good  to  the  species;  that  when 
this  is  accompanied  with  a  loss  of  self-fertility,  it  is  the  loss  of 
something  no  longer  useful,  something  better  than  self-fertility 
having  taken  its  place.  But  Mr.  Henslow,  reading  this  the  other 
way,  having  determined  "that  self-fertilization  is  per  se  a  decided 
advantage,"  and  free  from  injurious  liability,  comes  to  regard  in- 
tercrossing as  merely  "  a  compensatory  process  for  the  loss  of 
self-fertility." 

But  how  and  why  did  this  "  compensatory  process  come  to 
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• 
pass  ?  It  is  conceived  on  both  sides  that  flowers  were  ^^primordi- 
ally  inconspicaous.'*  (To  this  Henslow  adds  hermaphrodite  and 
self-fertile,  but  that  need  not  here  come  into  account.)  Both 
agree  that  insects  have  mainly  determined  their  conspicaousness. 
Darwin  says  this  has  been  determined  throngh  natural  selection 
by  the  survival  of  the  more  and  more  conspicuous  variations, 
oorreldted  with  their  producing  something  good  for  the  insect 
of  which  the  coloration  was  a  sign,  and  that  the  preferential  snr- 
Tival  of  the  more  showy  and  attractive  was  a  consequence  of 
some  benefit  of  the  intercrossing.  Henslow  propounds  the  view 
that  insects  have  determined  the  conspicuousness  more  directly, 
and  not  by  benefiting  but  by  irritating  the  flowers.  "  These,  by 
being  greatly  stimulated  by  the  repeated  visits  of  insects,  tend  to 
become  hypertrophied.  Hence  the  corolla  enlarges,  becomes  more 
brightly  colored,  the  nectariferous  organs  increase  the  quantity 
of  secretion,  and  the  stamens  develope  more  pollen.  Such  bein^ 
the  case,  nourishment  is  withheld  from  the  pistil,  which  is  delayed 
in  its  development ;  consequently  such  a  flower  is  very  generally 
proterandrous.'*  Mr.  Darwin  might  accept  this  as  an  ingenious 
conception  of  the  way  the  specialization  comes  about,  still  insist- 
ing on  the  advantage  of  the  resulting  intercrossing — *^  or  else  the 
thing  would  hardly  come  to  pass,"  as  the  poet  has  it.  And  Mr. 
Henslow's  hypothesis  has  to  be  supplemented  to  account  for 
proterogyny,  which  is  not  much  less  common.  But  Henslow's 
supposed  process  works  evil  instead  of  good,  and  is  therefore 
utterly  anti-Darwinian  and  "  dysteleological."  For  the  result  is  a 
disturbance  of  the  equilibrium  and  proper  correlation  between  the 
androBcium  and  gyncBcium ;  and  this,  carried  further,  shoald  upon 
this  view  result  in  the  moncecious  and  dicecious  states.  So, 
accordingly,  the  cross-fertilization  which  comes  into  play  in  the 
case  of  separated  sexes,  and  in  that  of  self-sterile  hermaphroditism, 
is  not  for  any  good  there  is  in  it  per  se,  but  because  it  may  no 
better  be.  And  all  the  elaborate,  exquisite,  and  wonderfujly 
▼arious  modes  of  adaptation  of  flowers  to  insects  are  only  ways  of 
repairing  the  damages  inflicted  upon  blossoms  by  insects  through 
tbeir  persistent  visits !  Did  Mr.  Henslow  ever  ask  himself  the 
question  why  the  sexes  are  separate  in  animals  ? 

The  conclusion  which  Mr.  Darwin  had  helped  us  to  reach  is, 
that  intercrossing  should  be  regarded  as  the  aim  in  nature  and  on 
the  whole  most  beneficial,  and  self-fertilization  as  a  safe-guard 
against  the  risks  of  crossing ;  that  most  hermaphrodite  flowers 
have  the  advantage  of  both,  the  latter  for  immediate  sureness,  the 
former  for  ultimate  benefit.  Upon  the  new  view,  self-fertiliza- 
tion is  .the  aim  and  the  consummation,  and  cross-fertilization  at 
best  a  succedaneum.  By  it  insects  may  repair  the  damage  they 
have  caused  to  blossoms  through  endowing  them  with  **  the  fatal 
eifl  of  beauty,"  and  stimulating  their  organs  of  secretion ;  and  by 
it  the  winds  may  bring  chance  relief  to  those  which,  at  length 
abandoned  by  their  spoilers,  have  lost  this  attractiveness  and 
fiillen  to  the  degradation  of  unisexuality.     For  these  last,  as  has 
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already  been  stated,  are  bypothetically  regarded    as  degraded 
from  higher  floral  types. 

We  are  bound  to  glance  at  some  of  the  considerations  whioh 
are  adduced  in  support  of  this  thesis.  They  are  maltifarioos  and 
of  unequal  value.  As  has  occurred  in  other  cases,  so  here  iJao, 
the  weightiest  objections  to  Mr.  Darwin's  view  are  those  which 
he  has  himself  brought  out,  namely,  the  fact  that,  as  tested 
experimentally  under  cultivation,  while  some  plants  are  much  in- 
creased in  vigor  and  fertilitv  by  artificial  int-ercrossin^,  others  are 
not  sensibly  benefited ;  ana  that  the  benefit  derived  in  mailed 
cases  is  not  cumulative,  but  reaches  its  maximum  in  two  or  three 
generations.  And  even  close  breeding  under  cultivation  ocet- 
sionally  gives  rise  to  very  vigorous  and  fully  prolific  self-fertiie 
races.  Then  many  plants  are  fully  self-fertile  in  nature,  and  it  is 
not  proved  that  any  such  have  lost  or  are  in  the  way  of  losmg 
either  fertility  or  vigor  through  continued  inter-breeding.  Bat, 
before  drawing  from  this  the  conclusion  that  cross-fertilization  is 
of  little  or  no  account  in  nature,  it  should  be  remembered  thai 
bud-propagated  races  are  in  similar  case.  Races  exist  which  have 
been  propagated  only  from  buds  for  hundreds  of  years,  with  seem- 
ingly undiminished  vigor,  and  there  is  no  proof  that  any  one  has 
succumbed  under  the  process.  But  for  all  that  we  do  not  doubt 
that  sexual  reproduction  contributes  something  to  the  well-being 
of  the  species,  besides  facilitating  its  dispersion.  Again,  no  one 
questions  the  necessity  of  fertilization  by  pollen  to  the  production 
of  embryo  in  the  seed ;  yet,  even  in  this,  the  necessity  is  not  so 
imminent  but  that  some  embryos  may  originate  without  it.  (See 
preceding  volume  of  this  Journal,  p.  384.) 

In  short,  the  facts  brought  out  by  Darwin  and  others,  and  all 
the  considerations  of  the  present  essay,  are  best  harmonized  by  the 
conception  which  the  former  has  consistently  maintained,  namely, 
that  an  occasional  cross  suffices  to  secure  the  benefit  of  inter- 
crossing, whatever  that  may  be.  Nothing  yet  appears  which 
seriously  disturbs  our  conviction  that  just  this  is  what  nature 
generally  provides  for. 

Mr.  Henslow's  proposition,  "  The  majority  of  flowers  are  self- 
fertile,"  is  doubtless  true  in  the  sense  that  they  are  capable  of 
self-fertilization,  and  is  not  improbable  in  the  sense  that  they  "  can 
and  do  fertilize  themselves  habitually."  But  his  inference  that 
the  majority  of  flowers,  or  that  any  flowers,  actually  propagate 
for  a  series  of  generations  by  self-fecundation,  or  that  a  cross  if  it 
occur  is  "  exceptional,"  and  of  no  account,  is  surely  unwarranted 
by  the  evidence  which  he  has  adduced. 

Occasionally  the  reported  facts  will  not  bear  scrutiny.  Gen- 
tiana  Afidrewsii^  it  is  said,  never  opens  at  all  in  America,  It 
opens  in  sunshine  in  the  middle  of  the  day  here  in  New  England. 
And  while  looking  at  closed  flowers  we  have  seen  a  humble  bee 
emerge  from  one.  We  have,  in  this  Journal,  shown  how  it  is 
that  self-iertilization  is  impossible  during  the  first  three  or  four 
days  of  anthesis,  but  neatly  practicable  afterwards.     It  is  rash  to 
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infer  (as  on  p.  380)  that  papilionaceons  flowers  which  shed  their 
pollen  early  in  proximity  to  the  stigma  are  therefore  self-fertilized. 
In  most  of  the  cases  adduced  the  pollen  is  not  lodged  apon  the 
stigma,  bat  upon  the  style  below  it,  and  the  adaptations  for  in- 
tercrossing, thongh  the  mechanism  be  diflerent,  are  as  explicit  as 
in  the  analogous  case  of  Campanula.  **  Fremont  pathetically 
describes  the  solitary  bee  that  rested  on  his  shoulder  at  the  top  of 
Pike's  Peak.''  The  pathos  is  wasted  as  respects  all  but  this  par- 
ticalar  bee ;  for  the  entomologists  find  the  alpine  region  of  the 
Rocky  Mountains  to  be  as  well  stocked  with  flying  insects  as  are 
alpine  regions  in  other  parts  of  the  world.  They  do  not  super- 
abound,  but  if  from  the  alpine  flora  we  subtract  the  evidently 
entomophilous  and  the  anemophilous  blossoms,  the  remainder 
will  be  nearly  nil.  And  as  to  the  correlation  of  this  comparative 
scarcity  of  insects  with  the  marked  conspicuousness  of  blossoms, 
this  is  the  way  the  lesson  is  read  by  a  most  eminent  physiologist : 
^  Even  the  glowing  hue  of  alpine  flowers  is  accounted  for  by  the 
attraction  which  brighter-colored  individuals  exercise  upon  the 
insects,  scarce  in  those  heights  and  necessary  for  feitilization." 

One  or  two  of  the  author's  own  observations  are  perhaps  to  be 
revised.  *'*•  Oaura  parviflora  .  .  .  has  no  corolla  and  is  cleisto- 
gamous,  in  that  it  is  self-fertilizing  in  bud,  as  I  found  in  specimens 
growing  at  Kew."  Were  they  not  imperfectly  developed  blos- 
soms, perhaps  late  in  the  season  ?  Here  the  flowers  open  freely 
and  have  rose-colored  petals.  If  he  will  examine  fresh  specimens 
of  Scrophulariaj  it  win  soon  be  clear  that  his  idea  of  their  self- 
fertilization  (p.  371)  is  a  mistake.  It  is  a  mere  slip  in  the  Genera 
Plantarum  through  which  abortive  stamens  are  attributed  to  the 
deistgamous  flowers  of  Epiphegua.  The  authors  evidently  meant 
to  describe  the  case  just  as  Mr.  Henslow  found  it  to  be,  but  used 
a  wrong  word. 

^  Weeds  are  probably  all  self-fertilizins  or  anemophilous.  A 
weed  is  simply  an  unattractive  plant,  and  possessing  no  feature 
worthy  of  cultivation."  It  may  be  as  difficult  to  define  "  a  weed" 
as  to  define  "  dirt"  But,  tummg  to  the  Handbook  of  the  British 
Flora,  we  find,  as  we  expected,  that  the  showy  Com  Poppy,  Cockle, 
and  Larkspur  are  denominated  weeds.  Why  weeds  should  possess 
the  vigor  and  gain  the  predominance  which  they  do  is  a  large  ques- 
tion, to  which  other  solutions  have  been  offered  than  that  the  one 
which  is  in  this  essay  very  plausibly  maintained.  We  cannot 
take  up  the  topic  here ;  but,  without  acceding  to  his  general  pro- 
position, we  are  much  disposed  to  agree  with  the  author  in  this 
essay,  as  respects  some  of  them,  that  aptitude  for  self-fertilization 
may  have  given  them  the  advantage  which  has  determined  their 
wide  dispersion. 

The  insistence  upon  the  importance  of  self-fertilization  is  what 
gives  this  essay  its  value.  As  a  whole  it  fortifies  the  proposition, 
well  laid  down  by  Herman  Mueller,  which  Mr.  Henslow  cites : — 
^'  that,  under  certain  conditions,  the  facility  for  self-fertilization  is 
most  advantageous  to  a  plant,  while,  under  other  conditions,  the 


494  Scientific  Intelligence. 

inevitableness  of  cross-fertilization  by  the  visits  of  insects  is  the 
more  advantageous."  But  this  is  not  our  author's  thesis.  It 
comes  to  this :  the  plan  of  nature  is  either  cross-fertilization  sup- 
plemented by  close-fertilization,  or  close-fertilization  tempered  by 
cross-fertilization.  As  restricted  to  plants  the  difference  is  n<^ 
wide.  Regarded  generally,  the  Darwinian  axiom  is  still  best  sus- 
tained. A.  G. 

7.  On  the  cavses  of  the  change  in  form  of  MiokUed  PlanU; 
by  Professor  Godlkwski,  Dublany  (Poland).  Bot  Zeit.  6,  1879. 
— In  1873,  Professor  Godlewski  published  in  Flora  an  account  of 
bis  investigations  respecting  the  formation  of  starch  in  chloro- 
phyl  grains.  In  that  memoir  he  stated  that  the  changes  in  form 
which  plants  undergo  in  darkness  are  not  due  to  the  suspension 
of  the  assimilative  process.  In  1875  and  1877  he  published  in  the 
Polish  language  two  short  notices  of  his  further  observations 
upon  this  subject,  and  which  he  now  fully  recounts  in  the  present 
paper.  Only  the  first  series  of  his  later  experiments  will  be  re- 
ferred to  now,  namely,  those  bearing  upon  the  question  as  to  the 
relation  of  the  assimilative  process  to  the  change  of  form  in  grow- 
ing plants  deprived  of  light  It  is  a  general  rule,  to  which  there 
are  some  exceptions,  that  intemodes  ^rown  in  the  dark  are  longer, 
and  leaves  are  smaller  than  those  which  develope  in  sunlight.  In 
Pringsheim's  Jahrbacher  £  wiss.  Botanik,  vol.  vii,  p.  213,  Dr.  6. 
Kraus  has  sought  to  explain  the  latter  fact  by  the  hypothesis 
that  it  is  chiedy  out  of  assimilated  matter  freshly  formed  in 
growing  green  leaves  themselves  that  they  expand  to  their  full 
size,  and  hence  the  diminutive  size  of  etiolated  leaves  is  thought 
by  him  to  be  directly  dependent  upon  the  absence  of  the  assimi- 
lative process. 

In  Professor  Godlewski's  experiments  germinating  plants  were 
cultivated  in  an  atmosphere  deprived  of  its  carbonic  acid,  some 
of  them  in  light,  others  in  perfect  darkness,  but  under  similar 
conditions  of  temperature  and  moisture.  It  was  found  that  when 
the  plantlets  had  exhausted  the  food  stored  in  the  seed,  and  had 
ceased  to  grow,  the  total  weight  of  dry  organic  matter  was  the 
same  in  the  green  and  in  the  etiolated  plants.  The  plantlets 
which  had  grown  in  the  light  but  in  air  free  from  carbonic  acid, 
and  where  assimilation  could  not  take  place,  did  not  bear  the 
slightest  resemblance  in  form  to  etiolated  plants.  They  were  of 
perfectly  normal  habit.  g.  l.  g. 

IV.   Astronomy. 

1.  Orhite  of  the  binary  systeme^  jx  Herculia  and  298  Struve  ; 
by  W.  Beebk. — The  double  star  //  Herculis  had  been  observed 
since  1858,  and  has  shown  a  change  of  about  180**  in  the  position 
angle  though  the  observations,  twenty-eight  in  number,  and  by 
twelve  different  observers,  exhibit  large  discrepancies  and  are  not 
all  trustworthy. 

The  orbit  was  computed  by  Herschel's  first  method  and  agrees 
with  the  interpolation  curve  quite  closely.     The  corrections  to  E, 
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T  and  P.,  obtained  by  Klinkerftie's  first  method  did  not,  however, 
improve  the  agreement.  The  eccentricity  is  somewhat  micer- 
tain  and  the  periodic  time  probably  too  large.  The  observations 
for  298  of  O.  Struve's  catalogae  are  thirteen  in  number  and  aeree 
tolerably  welL  It  has  been  observed  since  1843,  and  the  position 
angle  ap  to  1878  had  changed  about  130^  The  orbit  was  com- 
puted by  Herschel's  second  and  Elinkerfue's  first  method.  The 
orbit  however  is  not  definitive. 

For  the  observed  places  used  I  am  indebted  to  Mr.  Bumham, 
who  kindly  collected  for  me  all  the  available  material. 
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Kew  Haven,  April  6th. 

2.  Report  of  the  Observations  of  the  Total  Solar  Eclipse^  July 
29,  1878,  made  at  Fort  Worthy  Texas.  Edited  bv  Lbonabd 
Waldo,  Assistant  at  the  Observatory  of  Harvard  College.  60 
pp.  4to,  with  4  plates. — The  Fort  Worth  Eclipse  party  consisted 
of  Messrs.  Waldo,  Willson,  Rees,  Pulsifer  and  Seagrave,  a  volun- 
teer party  whose  special  object  it  was  to  record  such  phenomena 
as  might  aid  in  establishing  the  correct  theory  regarding  the  solar 
corona.  Observations  were  made'  with  the  naked  eye,  the  tele- 
scope, the  spectroscope,  the  polariscope,  and  photographs  of  the 
corona  were  taken  both  with  and  without  double  refracting 
prisms.  Professor  Pickering  and  Mr.  Waldo  consider  that  the 
double  image  photographs  imply  tangential  polarization  of  the 
light  of  the  corona. 

Mr.  Pulsifer  observed  the  reversal  of  the  lines  of  the  spectrum 
with  the  bright  lines  (except  C)  shortened  at  each  end.  He 
infers  therefrom  that  his  slit  extended  beyond  the  reversing  layer 
on  each  side.  He  hence  infers  a  minimum  thickness  of  the  revers- 
ing layer  of  524  miles.  u.  a.  n. 

3.  Catalogue  of  Stars  observed  at  the  United  States  Navcd 
Observatory^  during  the  years  1846-1877,  and  prepared  for  pub- 
lication by  Professor  M.  Yabnall,  U.  S.  N.,  by  order  of  Hear 
Admiral  John  Rodgbbs,  U.  S.  N.,  Superintendent.  Second  edi- 
tion, revised  and  stereotyped,  280  pp.  4to.  Washington,  1878. — 
The  author  of  this  Catalogue  of  Stars,  Professor  Yarnall,  died  on 
the  27th  of  February,  1879;  he  lived  to  correct  the  last  proof 
sheets  of  this  work,  but  not  to  see  the  volume  in  its  completed 
form.  This  catalogue  includes  all  the  work  done  at  the  Observa- 
tory with  the  old  instruments,  and  thus,  as  the  author  remarks, 
forms  an  epoch  in  the  history  of  the  Observatory.  It  is  a  work 
of  high  intrinsic  excellence  and  is  of  especial  interest  as  contain- 
ing the  results  of  the  life  work  of  a  most  accurate,  patient  and 
untiring  observer. 
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4.  AgtronamiccU  and  Meteorological  Observations  made  du- 
ring the  year  1876  at  the  United  /States  Naval  Ohservatoryy  liear 
Admiral  (J.  H.  Davis,  U.  S.  N.,  Superintendent.  Published  by 
authority  of  the  Hon.  Secretary  of  the  Navy.  4to.  Washington, 
1878. — In  addition  to  the  description  of  observations  made  at  the 
Observatory  in  1876,  which  cover  660  pages  of  the  volume,  it 
also  contains  three  Appendixes;  one  of  them  is  entitled  Re- 
searches on  the  Motion  of  the  Moon  made  at  the  U.  S.  Naval 
Observatory,  Part  I,  by  Professor  Simon  Newcomb.  The  great 
work  undertaken  by  Professor  Newcomb  has  as  its  object  the 
re-investigation  of  the  subject  of  the  Moon's  motion,  with  a  view 
to  ascertaining  the  cause  of  the  deviations  of  the  observations 
from  Hansen's  Tables.  The  part  of  the  work  now  published  con- 
tains a  reduction  and  discussions  of  observations  of  the  moon 
before  1760,  involving  the  use  of  much  material  hitherto  but 
little  known.  The  remaining  part,  not  vet  completed,  will  con- 
tain a  computation  of  the  action  of  the  planets  and  the  deduction 
of  the  mathematical  theory  of  the  inequalities  of  long  period  in 
the  moon's  mean  motion. 

6.  On  the  Spectrum  of  BrorserCs  Comet;  by  W.  H.  M.  Chbistie. 
— With  reference  to  Professor  C.  A.  Young's  Note  on  the  Spectrum 
of  Brorsen's  Comet,  it  may  be  of  interest  to  mention  that  observa- 
tions made  at  the  Royal  Observatory,  Greenwich,  confirm  his 
conclusion  as  to  the  coincidence  of  the  brightest  band  in  the 
comet  spectrum  with  the  green  band  of  carbon. 

We  wei^e  not  able  to  examine  the  comet's  spectrum  till  April  1 7, 
as  the  Great  Equatoreal  was  in  the  workmen^s  hands  till  that  date 
for  alterations  required  to  allow  of  the  more  convenient  use  of  the 
8pootro8cojH\  On  that  evening,  and  again  on  April  19,  the  comet's 
Hpootnuu  was  repeatedly  compared  by  Mr.  Maunder  and  myself, 
witli  tl\e  s|HH*trum  of  alcohol  taken  in  a  vacuum  tube.  The  less 
ivfrauifiblo  tnige  ot  the  brightest  comet-band  coincided  as  exactly 
as  oouUi  bo  detorminod  with  the  corresponding  edge  of  the  green 
oarbon-baud  at  5/200,  but  the  comet-band  was  very  much  wider, 
oxtiMuling  two-thinis  of  the  way  toward  F  (i  e.,  about  200  tenth- 
niotoi-^)*  and  oovoring  the  carbon-band  at  5,200  (about  30  tenth- 
motors  Unvad)  and  the  two  following  fainter  bands  at  6,100  and 
%^,Oi:o,  Tho  oi>m|Viirisons  were  made  on  April  17  by  the  help  of 
an  \HVuUing  bar,  and  on  April  19  with  Hilger's  bright-line 
niiorv>uiotor,  ilUmiinatoil  by  nni  light.  With  the  latter,  readings 
(\m'  \  i\o  v\nnot-  and  oarbon-bauds  respectively,  agreed  within  half 
H  touth-n\otor.  Tho  half  prism  sjHH^troscope  with  a  dispersion  of 
10'  tunu  A  to  II  \^i\juivalent  to  two  prisms  of  60°)  was  used  on  the 
lii  uu>h  tHiuHtv^rwHl.  Fn^m  siKX*tro<scopic  obser>-ation8  of  the  carbon 
oou\|HMuuV  j^riutod  in  tho  volume  of  Greenwich  Observations,  1875, 
W  jip|H\'H^  that  tho  Ixauds  in  tho  spectrum  of  alcohol  are  identical 
Nxuh  iluvNV  iu  tho  sjHVtra  of  olefiam  gas,  and  of  carbon  monoxide 

A  M^vnd  Ktnd  was  s<»on  in  iho  orange  of  the  comet's  spectrum 
a^^jNuvwrn-^toly   vvinouior.t    with    the   carbon   band   about    6,600. 
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This  band  was  of  about  one-fourth  the  brightness  of  the  principal 
band. 

The  results  on  April  17  were  obtained  without  a  knowledge  of 
Professor  Tonne's  work,  and  thus  afford  an  independent  confirma- 
tion  of  his  conclusion. — Nature^  May  1. 

Boyal  Obeervatory,  Greenwich,  April  21. 

V.    MlBOBLLANKOUS  SCIENTIFIC  INTELLIGENCE. 

1.  Notes  on  Pagosa  Springs^  Colorado;  by  Lieut.  C.  A.  H. 
McCaitlbt,  Third  Cavalry,  Assistant  Engineer,  U.  S.  A.  27  pp. 
8vo.  Report  to  the  Secretary  of  War,  Feb.,  1879;  printed  by 
order  of  Congress. — ^The  Pagosa  Springs  are  situated  in  the  valley 
of  the  San  Juan  river,  southern  Colorado,  on  the  road  from  Tierra 
Amarilla,  New  Mexico,  to  the  Animas  region.  The  springs  have 
been  long  known  and  used  by  the  Ute  Indians;  they  received 
firom  them  their  name  Pahrgosa — from  pah^  water,  and  gosa^ 
boiling.  The  group  of  hot  springs  occupies  an  area  of  about 
twenty-one  acres  on  the  western  side  of  the  River.  Lieut. 
McCauley  describes  nineteen  of  these,  and  in  addition  several 
cold  springs  forming  an  independent  group ;  they  are  situated  in 
an  area  of  the  Cretaceous  formation.  The  largest  hot  spring  has 
a  pear-shaped  crater  sixty-nine  feet  long  and  forty-five  feet  wide, 
the  depth  not  determineo.  An  apparent  ebullition  goes  on  con- 
stantly, but  it  is  gaseous  and  not  due  to  boiling,  the  waters  rising 
charged  with  hy£'ogen  sulphide  and  carbon  dioxide.  The  tem- 
perature of  this  spring  was  found  to  be  141°  F.,  that  of  the  river 
Deing  40^  F.,  and  the  highest  air-temperature  being  49°  (Decem- 
ber) ;  the  temperature  at  the  exits  into  the  river — the  outflow  is 
subterranean — was  127°  F.  The  waters  contain,  besides  the  gases, 
chiefly  calcium  carbonate  and  sodium  sulphate,  with  smaller  quan- 
tities of  sodium  chloride,  sodium,  magnesium  and  lithium  carbon- 
ates, and  potassium  sulphate.  The  deposition  of  solid  matter  goes 
on  quite  rapidly,  stalactites  and  stalagmites,  consisting  chiefly  of 
calcium  carbonate  and  sodium  sulphate,  being  formed  within  the 
pools. 

The  temperature  of  the  water  in  the  other  springs  varied  mostly 
between  135°  and  140°,  though  several  of  them  had  temperatures, 
of  only  101°-110°.  The  cold  springs  are  south  of  the  main  spring, 
on  the  opposite  bank  of  the  nver  and  about  half  a  mile  distant ; 
their  temperature  diflers  but  little  from  that  of  the  air.  Lieut. 
McCaaley's  Report  contains  a  series  of  interesting  wood-cuts 
showing  the  topographical  relations  of  the  country  about  the 
springs,  and  also  the  details  in  their  structure. 

2.  f^otes  by  a  Naturalist  on  the  Challenger^  being  an  account  of 
various  observations  made  during  the  voyage  of  H.  M.  S.  *'  Chal- 
lenger*' around  the  world  in  the  years  1872-1876,  by  H.  N. 
HosELY,  M.A.,  F.RS.,  Fellow  of  Exeter  College,  Oxford,  Member 
of  the  Scientific  Staff"  of  H.  M.  S.  Challenger.  606  pp.  8vo.,  with 
a  map,  two  colored  plates  and  numerous  woodcuts.  London,  1879 
(Macmillan  &  Co.). — ^These  notes  make  a  volume  full  of  facts  of 
interest,  popular  as  well  as  scientific,  relating  to  the  countries  and 
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people  visited,  icebergs,  corals  and  coral  reefs,  the  habits  and 
nature  of  some  of  the  stranger  animals  and  plants  of  the  sea  and 
land,  and  on  geological,  anthropological  and  other  topics;  and 
they  are  presented  in  the  direct  and  Tucid  style  that  bespeaks  the 
faithful  scientific  observer.  The  author  is  an  able  naturalist,  and 
has  published  many  very  valuable  papers  (partly  in  the  Transac- 
tions of  the  Royal  Society)  as  the  results  of  careful  work  during 
the  cruise  and  of  thorough  microscopic  investigations  since,  relat- 
ing to  the  structure  of  MiUeporeSy  the  Alcyonarian  relations  and 
structure  of  Heliopora  ccerulea,  the  structure  of  the  StyUisteridae^ 
on  Corals^  Actinariay  Planartce^  and  other  zoological  subjects, 
besides  Botanical  notes  in  the  Journal  of  the  LinnaBan  Society. 

3.  Report  of  the  National  Academy  of  Sciences. — At  the  meet- 
ing of  the  National  Academy  of  Sciences  held  in  Washington, 
April  16th  to  ]9th,  1879,  the  following  papers  were  read: 

0.  S.  Peiroe. — Qhosts  in  the  difEraction  spectra ;  Comparisons  of  the  meter  with 
wave  lengths:  On  the  errors  of  pendulum  experiments,  and  on  the  method  of 
swinging  pendulums  proposed  by  Mr.  Faje ;  On  projections  of  the  sphere  which 
preserve  Uie  angles. 

HBimT  Draper. — Confirmations  by  spectrum  photographs  of  the  diacoyery  of 
o^gen  in  the  sun. 

£.  C.  Piokerino.— On  the  eclipses  of  Jupiter's  satellites;  On  two  new  forms  of 
micrometers. 

Alfred  M.  Mater. — On  a  new  form  of  heliostat 

J.  E.  UiLGARD. — Report  on  the  progress  of  Uie  international  bureau  of  weights 
and  measures ;  An  account  of  geodetic  acts  determined  by  the  Coast  Surrey  in 
relation  to  the  figure  of  the  eaiitL 

SiHON  Newoomb.— On  the  recurrence  of  solar  eclipses. 

H.  A.  Newton. — On  the  influence  of  Jupiter  upon  bodies  passing  near  that  planet 

S.  Weir  Mitohell. — On  the  relations  of  neuralgic  pidns  to  storms  and  the 
earth's  magnetism. 

C.  F.  CuANDLER. — On  a  new  polariscopic  method  for  the  detection  and  estima- 
tion of  dextro-gluoose  in  the  presence  of  cane  sugar  and  inverted  sugars. 

H.  L.  Abbott. — On  the  ignition  of  high  tension  fuses. 

Elias  Loomis. — The  winds  on  Mount  Washington  compared  with  the  winds 
near  the  level  of  the  sea. 

E.  W.  HiLQARD. — The  loess  of  the  Mississippi,  and  the  .£olian  hypothesis. 

Joseph  LeConte. — The  extinct  volcanoes  about  Lake  Mono  and  their  relaticm 
to  our  glacial  drift. 

J.  S.  Newberry. — On  the  great  silver  deposits  recently  discovered  in  Colorado, 
Utah,  and  Nevada. 

G.  J.  Brush. — On  a  mineral  locality  in  Fairfield  County,  ConAecticut 

A.  Agassiz. — Report  on  dredgings  in  the  Caribbean  Sea  by  the  Coast  Survey 
steamer  Blake,  Commander  John  R.  Bartlett,  United  States  Navy. 

C.  y.  RiLST. — On  the  hybernations  and  migrations  of  AleUa  argUkuxa  (the  par- 
ent of  the  cotton-worm). 

S.  H.  ScuDDER- — The  Pakeozoic  cockroaches. 

E.  [).  Cope. — On  the  extinct  species  of  the  Rhinoceros  and  allied  forms  of 
Norih  America. 

H.  Mitchell. — On  the  physical  hydrography  of  the  Gulf  of  Maine. 
G.  K.  Gilbert. — On  the  stability  and  instability  of  drainage  lines. 
A.  Graham  Bell. — On  vowel  theories  considered  in  the  lig^t  of  recent  experi- 
ments  with  the  phonograph  and  phonautograph. 

F.  A.  r.  Barnard. — Report  of  the  Committee  on  Weights,  Measures,  and  Coinage. 

Professor  William  B.  Rogers  was  elected  President  in  place  of 
Joseph  Henry,  deceased.  The  followiufi^  new  members  were  elected : 
Cleveland  Abbe,  J.  W.  Gibbs,  W.  G.  Farlow,  H.  C.  Wood. 
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Art.  LXm. — Poly  dactyls  Horses,  Recent  and  Extinct;  by 

Professor  0.  C.  Marsh. 

It  is  said  that  the  aborigines  of  this  country,  when  they  first 
saw  the  horses  brought  over  by  the  Spaniards,  named  the  new 
animal  "the  beast  with  one  finger  nail."  Certainly,  the  single 
hoof  on  each  foot  is  the  most  marked  characteristic  of  the 
modern  horse,  and  one  on  which  some  of  his  most  valuable 
qualities  depend.  The  nearest  living  allies  of  the  horse  are  the 
ass  and  the  zebra,  and  they  possess  the  same  pedal  peculiarities. 

In  addition  to  each  main  digit  of  the  ordinary  horse,  how- 
ever, the  anatomist  finds  concealed  beneath  the  skin  two  slender 
metapodial  **  splint  bones,"  which  are  evidently  the  remnants 
of  two  other  toes,  originally  possessed  by  the  ancestors  of  the 
horse.  It  is  an  interesting  fact  that  these  splint  bones  are  some- 
times quite  fully  developaiy  and  may  even  support  extra  digits, 
which  are  much  smaller  and  shorter  than  the  main  foot.  As 
these  small  hoofiets  are  usually  regarded  as  a  serious  detriment 
to  the  animal,  they  are  generally  removed  from  the  colt  soon 
after  birth,  but  in  such  cases  the  enlarged  splint  bones  not 
unfrequently  indicate  in  the  adult  their  former  existence. 

Numerous  cases  of  extra  digits  in  the  horse  have  been  recorded, 
and  in  nearly  all  of  them  a  single  lateral  hooflet  was  present  on 
one  of  the  fore  lega  In  most  instances  the  occurrence  was  noted 
chiefly  on  account  of  its  rarity,  and  no  record  was  made  of  the 
exact  position  of  the  extra  hoofs  with  reference  to  the  main 
digit,  nor  of  the  significance  of  these  useless  appendages. 
Since  the  attention  of  the  writer  was  called  to  the  subject,  a 
few  years  since,  he  has  ascertained  that  these  supernumerary 
digits  are  much  more  common  in  the  horse  than  has  been 
supposed,  and  in  many  cases  they  appear  to  indicate  a  reversion 
to  an  early  ancestral  type. 
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The  figures  given  below  represent,  (1)  the  foot  of  the  modern 
horse  in  its  normal  condition,  with  the  splint  bones  rudimen- 
tary ;  (2)  the  foot  abnormally  developed,  with  one  splint  bone 
bearing  a  small  hoofiet ;  and  (8)  the  foot  of  an  extinct  three- 
toed  ancestor  of  the  horsa  The  feet  are  all  from  the  left  side, 
and  the  numbers  attached  indicate  the  dififerent  digits,  counting 
from  the  inside.  The  first  and  fifth,  corresponding  to  the 
thumb  and  little  finger  of  the  human  hand,  are  wanting  in 
these  figures.  A  specimen  similar  to  that  represented  in 
figure  2  is  preserved  m  the  Museum  of  Yale  College. 


2. 


3. 


ff— 
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Figure  1. — Fore  foot  of  Horse  (Eqwut). 
Figure  2. — Fore  foot  of  Horse  with  extra  digit. 
Figure  3. — ^Fore  foot  of  Hippanrion, 

The  first  recorded  instances  of  extra  digits  in  the  horse, 
known  to  the  writer,  are  two  mentioned  by  George  Simon 
Winter,  in  his  famous  book  on  Horses,  published  near  the 
beginning  of  the  last  century.*  One  of  the  horses  referred  to 
and  figured  in  this  work  was  "  eight-toed,"  having  a  small  extra 
digit  on  the  inside  of  each  foot  (p.  134,  Plate  21  F.).  Winter 
states  that  this  horse  was  exhibited  in  Germany  in  1663,  and 
a  portrait  of  it  preserved  in  Cologne.  His  account  was  derived 
from  a  person  who  had  examined  the  animal.  The  other 
horse  described  by  Winter  (page  136,  Plate  24),  had  a  small 
hoof  on  the  inside  of  each  fore  foot,  and  this  steed.  Winter 
states,  he  had  not  only  seen  but  ridden. 

Geoffrey  Saint-Hilaire  has  recorded  the  fact  that  he  examined 
a  foetal  horse  which  was  polydactyle  on  the  fore  feet,  the  left 
foot  bearing  three  nearly  equal  dibits,  and  the  right  but  two.f 
Owen  has  described  the  right  fore  foot  of  a  horse  with  a  double 
hoof,  the  extra  digit  being  on  the  inner  side,  answering  to 

*  De  Re  Equaria^  Nuremberg,  1703. 

t  Annales  des  Sciences  Natwrettea^  XI,  p.  224.    Paris,  1821. 
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the  second  di^t*  Arloiag  has  fizared  and  deBcribed  Bimilar 
specimeas.  f  Ijeidy  bas  described  the  right  fore  leg  of  a 
horee  with  a  sapernumerary  digit  on  the  inner  side;  and  Allen 
sabseqaently  discussed  the  same  specimeo.  X  A  nnmber  of 
other  instances  have  been  recorded,  showing  that  extra  digits 
are  by  no  means  rare  in  the  modern  horse. 

The  most  interesting  case  of  this  kind  examined  personally 
by  the  writer  is  the  horse  represented  in  figure  4.  This  animal 
was  on  exhibition  in  New  Orleans,  in  the  spring  of  1878,  and 
Dr.  Stanford  E.  Chaill^  of  that  city  first  called  the  attention  of 
the  writer  to  it,  and  likewise  sent  a  photograph,  from  which  the 
cut  below  was  made. 


Figure  i. — Oatline  of  horse  with  extra  di^t  on  each  foot 


This  same  horse  was  subsecjuently  broagbt  to  the  North,  and 
a  few  days  since  was  on  exhibition  in  New  Haven,  Conn.,  where 
the  writer  examined  him  with  some  care.  The  animal  is  of 
small  size,  about  ten  years  old,  and  is  said  to  have  been  foaled 
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in  Cuba.  He  is  known  among  showmen  as  the  ^^  Eight-footed 
Cuban  Horse."  With  the  exception  of  the  extra  di^ts,  he  is 
well-formed,  and  doubtless  is  capable  of  considerable  speed, 
although  some  of  the  exploits  claimed  for  him  may  fairly  be 
questioned. 

The  four  main  hoofs  are  of  the  ordinary  form  and  size.  The 
extra  digits  are  all  on  the  inside,  and  correspond  to  the  index 
finger  of  the  human  hand.  They  are  less  than  half  the  size 
of  the  principal  toes,  and  none  of  them  reach  the  ground.  An 
external  examination  indicates  that  the  metapodial  bone  of 
each  extra  digit  is  entire,  and  at  its  lower  end,  at  least,  is 
not  coossified  with  the  main  cannon  bone. 

There  appear  to  be  two  phalanges  above  the  coffin  bone  in 
each  of  these  digits,  which  are  thus  rendered  flexible,  especially 
in  a  fore  and  aft  direction.  There  was  no  indication  of  "inter- 
fering" shown  on  the  inner  digits  themselves,  although  it  is 
diflBcult  to  see  how  this  could  be  entirely  avoided  during  rapid 
motion.  The  splint  bone  on  the  outer  side  of  each  1^  is 
apparently  of  the  usual  shape  and  size. 

Among  the  instances  of  recent  polydactyle  horses,  described 
to  the  writer  by  those  who  have  seen  them,  are  two  of  special 
interest.  One  of  these  was  a  colt  with  three  toes  on  one  fore 
foot,  and  two  on  the  other.  The  animal  recently  died  in  Ohia 
Another  is  a  mare,  raised  in  Indiana,  and  still  living,  which  is 
said  to  have  three  toes  on  each  fore  foot,  and  a  small  extra 
digit  on  each  hind  foot  In  regard  to  the  latter  animal,  the 
writer  hopes  soon  to  have  more  definite  information. 

Besides  the  instances  mentioned  above  of  extra  digits  in 
place  in  the  existing  horse,  there  are  many  cases  on  record  of 
true  monstrosities,  as,  for  example,  additional  feet  or  limbs 
attached  to  various  portions  of  the  body.  Such  deformities 
now  admit  of  classification  and  explanation,  but  need  not  be 
considered  in  the  present  discussion. 

In  reviewing  what  is  now  known  of  extra  digits  in  the  feet 
of  the  modem  horse,  the  best  authenticated  instances  appear 
to  fall  naturally  into  two  groups.  The  first  of  these  includes 
digits  which  are  simply  cases  of  reduplication,  quite  similar  to 
the  extra  finger  occasionally  seen  in  the  human  hand.  Such 
deformities  are  apparently  a  vegetative  repetition,  the  explana- 
tion of  which  has  not  yet  been  satisfactorily  determined.  The 
second  class  includes  cases  where  a  true  digit  is  formed,  the 
component  bones  of  which  are  in  their  normal  position,  and  in 
proper  relation  to  the  rest  of  the  limb.  Such  instances  appear 
to  be  clearly  due  to  reversion  to  some  ancestral  type.  Some 
digits,  which  appear  at  first  sight  to  belong  in  the  first  category, 
may  really  illustrate  the  second,  but  the  converse  of  this  is 
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tndch  less  likely  to  be  trua  The  cases  of  apparent  reversion 
are  of  especial  interest,  and  it  is  important  to  place  on  record 
any  information  in  regard  to  them,  so  that  they  may  be  com- 
pared with  extinct  allies  of  the  horse. 

'  The  cases  of  extra  digits  in  the  horse,  so  far  as  at  present 
known,  show  that  these  appendages  make  their  appearance 
more  frequently  on  the  fore  feet  than  on  the  hind  feet  This 
is  precisely  what  a  study  of  the  fossil  forms  of  equine  mammals 
would  lead  us  to  anticipate. 

Another  noticeable  peculiarity  of  these  extra  digits,  is  their 
more  frequent  occurrence  on  the  inside  of  the  main  digit,  while 
the  outer  splint  remains  rudimentary.  This,  it  must  be  con- 
fessed, is  directly  opposed  to  the  general  law  of  reduction  in 
the  ungulate  foot,  which,  briefly  stated,  is,  that  of  the  five 
original  digits,  the  first  or  inner  one,  first  disappears  ;  next  the 
fifth,  or  outer  one ;  then,  the  second ;  and  last  of  all  the  fourth. 
The  third  always  remains,  as  in  the  horse.  It  would,  therefore, 
be  naturally  expected,  that  when  only  one  additional  digit  was 
present,  it  would  be  on  the  outside  oi  the  fore  foot. 

The  tendency  to  interference  would  seem  to  be  another  reason 
against  the  retention  of  the  inner  digit  Possibly  the  addi- 
tional protection  which  an  inside  hoonet  would  receive,  might 
more  than  counterbalance  this  influenca  Again,  the  above 
law  is  not  known  to  apply  to  the  perissodactyle  foot,  beyond 
the  first  and  fifth  digits,  and  if  the  second  digit  was  originally 
of  greater  use  than  the  fourth,  and  hence  was  longer  retained, 
an  ancestor  of  the  horse  may  yet  be  found  with  the  second 
and  third  toes  alone  developed. 

In  considering  these  double  hoofs  of  the  horse,  and  with 
them  the  well  known  cleft  in  the  coffin  bone  of  recent  and 
extinct  equines,  it  is  important  to  understand  that  in  no  case 
do  they  indicate  any  approach  to  the  true  artiodactyle  type, 
as  some  authors  have  supposed.  The  difference  between  the 
perissodactyle,  or  "odd-toed,"  and  artiodactyle,  or  "even-toed," 
structure  is  a  profound  one,  extending  to  nearly  every  part  of 
the  skeleton,  and  marking  two  distinct  groups  of  Ungulates. 
The  number  of  toes  has  really  nothing  to  do  with  the  true  dis- 
tinction, and  hence  the  terms  in  use  are  especially  misleading. 
The  real  difiference,  so  far  as  the  feet  are  concerned,  is,  that  in 
the  perissodactyle  type  the  axis  of  the  limb  passes  through  the 
middle  of  the  third  digit  {Mesaxonia\  while  in  artiodactyles  it 
is  outside  of  this  digit  (Paraxon z'a),  between  it  and  the  fourth. 

If,  now,  we  turn  back  to  the  early  ancestors  of  the  horse 
for  an  explanation  of  the  supplementary  digits  which  so  often 
make  their  appearance,  we  shall  not  look  in  vain,  especially  in 
this  country.    America  is  the  original  home  of  the  norse,  and 
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during  the  whole  of  Tertiary  time,  this  continent  was  occupied 
with  equine  mammals,  of  many  and  various  forma  Although 
all  these  became  extinct  before  the  discovery  of  this  country, 
their  abundant  remains  mark  out  the  genealogy  of  the  horse  in 
an  almost  unbroken  succession  of  forms. 

If  we  examine  the  remains  of  the  oldest  representatives  of 
the  horse  in  this  country,  we  shall  find  that  these  animals  were 
all  polydactyle,  and  of  small  size.  As  the  line  was  continued 
towards  the  present  era,  there  was  a  gradual  increase  in  size, 
and  a  diminution  in  the  number  of  toes,  until  the  present  type 
of  horse  was  produced.  In  view  of  the  facts  mentioned  in  tne 
preceding  pages,  it  will  be  profitable  to  trace  the  main  line  of 
descent  in  this  group,  from  its  first  appearance  to  the  present 
period,  and  note  especially  the  changes  in  the  number  of  digits. 
For  this  purpose  the  diagram  on  page  505  will  be  instructive, 
as  it  records  the  principal  stages  in  the  series,  both  of  the  limbs 
and  the  teeth  as  well  This  diagram  was  prepared  by  the 
writer  for  Professor  Huxley,  who  used  it  first  m  his  New  York 
lectures.     The  specimens  figured  are  all  in  the  Yale  Museum. 

The  original  ancestor  of  tne  horse,  not  as  yet  discovered,  un- 
doubtedly had  five  toes  on  each  foot  The  oldest  member  of 
the  group  now  known  is  the  JEohtppus,  which  had  four  well 
developed  toes  and  the  rudiment  of  another  on  each  fore  foot, 
and  three  toes  behind.  This  animal  was  about  as  large  as  a 
fox,  and  its  remains  are  from  the  Coryphodon  beds,  near  the 
base  of  the  Eocene.  It  is  not  represented  on  page  505,  as  it 
was  found  since  the  diagram  was  made.  In  the  next  higher 
division  of  the  Eocene,  another  equine  genus,  Orohippus,  makes 
its  appearance.  It  resembled  its  predecessor  in  size,  but  had 
only  four  toes  in  front  and  three  behind,  as  shown  in  the  lowest 
series  of  the  diagram.  At  the  top  of  the  Eocene,  a  third  allied 
genus  has  been  found  {EpihipprjLs\  which  closely  resembled 
Orohippus  in  its  digits,  but  differed  in  its  teeth. 

Near  the  base  of  the  next  formation,  the  Miocene,  another 
equine  mammal,  Mesohippus^  occurs.  This  animal  was  about 
as  large  as  a  sheep,  and  had  three  usable  toes  and  the  splint  of 
another,  on  each  fore  foot,  with  but  three  toes  behind,  as  shown 
in  the  diagram.  At  a  somewhat  higher  horizon,  a  nearly  allied 
genus,  Miohippus,  has  been  found,  which  has  the  splint  bone 
of  the  outer  or  fifth  digit  reduced  to  a  short  remnant.  In  the 
Pliocene  above,  a  three  toed  horse  {Protohippus)  about  as  large 
as  a  donkey  was  abundant,  and  still  higher  up  a  near  ally 
of  the  mod.ern  horse,  with  only  a  single  toe  on  each  foot, 
(Pliohippus)  makes  his  appearance.  A  true  Equus^  as  large  as 
the  existing  horse,  appears  just  above  this  horizon,  and  the 
series  is  complete. 

Yale  College,  New  Haven,  May  15tli.  1879. 
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